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The livestock industry in New Zealand has seen remarkable growth in recent times, in 
terms of farm outputs and an increase in the farming area. This has put increased pressure on 
water resources around the country. In this context, there has been a proliferation of 
environmental regulations driven by the Resource Management Act (RMA), aimed at 
limiting the impact of the agriculture industry on water resources. Complying with these 
regulations, while dealing with other environmental constraints faced, poses a significant 
challenge for farm managers. 
This thesis focuses on farm managers’ responses to the environmental constraints they 
face in the current regulatory regime, by relying on the theoretical framework of the Natural 
Resource-Based View (NRBV). The NRBV extends the work of the Resource-Based View 
(RBV) by accounting for the influence of the natural environment on business performance 
and strategy. In the livestock production industry in New Zealand, where farmers do not 
compete amongst themselves due to the more co-operative nature of the industry, farm 
performance was conceptualised as resulting from the combination of resources in response 
to changes in and around the farm. Thus, espousing the NRBV perspective, the study looked 
at the resource combination responses of farmers when faced with natural environment 
constraints. More specifically, the study looked at the responses of farmers in terms of the 
pollution prevention capabilities they used when faced with natural environment constraints 
specifically concerning the management of water resources. Water management in the 
context of this research was operationalised as water footprint management – that is, knowing 
the impact the farm operation has on water resources and implementing practices to reduce 
these impacts. 
The findings revealed that the responses of award-winning farmers noted for their 
exemplary water management practices could be conceptualised as different resource 
combinations that could help improve water management. For instance, it was found that the 
technologically inclined award-winning farmers were driven primarily by intellectual and 
financial resources. In terms of farm performance, it was found that for most farmers, 
regardless of the constraints they faced, the farm’s economic survival is paramount. The 
farmers’ resource combinations reflect this. Among these farmers studied, staying profitable 
is a major motivation to develop different types of resource combinations. While the thesis 
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discusses the potential for performance improvements, the findings do not confirm whether 
certain resource combinations lead to improved farm performance.  
The findings also enhance our understanding of the influences driving resource 
combinations, especially considering that farmers operate under unique contexts. It was also 
noted that the farmers’ resource combinations are driven by tacit skills, which consider the 
dynamic environment within which the farms operate. Thus, by gaining a clearer 
understanding of the drivers and influences of resource use, and understanding how farmers 
can manage their water within regulatory limits, this study has improved understanding of 
how farmers might derive benefits from pollution prevention practices at the farm level. This 
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Pressures such as regulations and policies aimed at maintaining and improving the 
state of water resources over the last few years have intensified. A reason for this is water 
quality being degraded in some places and levels of water in aquifers being diminished due to 
poorly managed abstraction. Activities such as livestock agriculture1have contributed to the 
changes in the state of water. Businesses including agricultural operations are responding to 
the intensification of regulatory and other pressures by developing capabilities some of which 
are noted as pollution prevention that will enable them to meet their environmental 
obligations and also, ensure that business performance targets and objectives are met.  
Businesses develop, leverage and bundle2 resources (such as human resources, labour, 
physical, etc) to create capabilities when faced with constraints. Constraints alter the way 
businesses operate from a resource use perspective. Noted businesses that are considered to 
have developed award-winning capabilities despite the influence of constraints are good 
cases that can be learned from to inform other businesses experiencing similar constraints or 
contexts. This research is concerned about how livestock agricultural businesses deal with 
constraints from regulations and other influences associated with water management from a 
capability development perspective. In this context, the thesis also addresses important 
questions on how the livestock industry may reduce its impact on water resources whilst also 
improving its performance in terms of both financial and non-financial measures. The main 
objective of this research is: 
To understand the key resources used by award-winning farmers to manage water. 
By focusing on this objective, the findings may serve as a guide for the agricultural 
industry and particularly, livestock farmers as to how they may be able to look after the water 
resource they depend on whilst improving their farm performance.  
This chapter presents the background and the boundaries of the study. It presents 
challenges associated with water management particularly in the agricultural industry. 
Regulatory and policy challenges are outlined to make a case for the influence of the 
institutional environment. Section 1.2 presents the motivation and questions directing the 
 
1 Agricultural industry is synonymous with the agribusiness industry in this research. These terms are used 
interchangeably throughout the thesis. Similarly, agricultural operation is synonymous with an agribusiness in 
this body of work. Singular agribusinesses together make up the agribusiness industry.  




research. Section 1.3 introduces the theoretical framework whilst section 1.4 concludes the 
chapter by outlining the structure of the thesis.    
1.1 Background: Water management, regulatory pressures and industry 
response 
This section provides an overview of current water management issues. The section 
also provides an overview of how regulatory pressures are driving the agricultural sector to 
respond through various resource-intensive approaches especially in countries such as New 
Zealand. The section presents literature stating why it might be important to consider water 
management from farm resource view through an organisational management lens. 
Freshwater is a complex resource affected by many issues including global climate 
change, rapid local urbanisation and industrialisation and agriculture (Gleick & Miller, 2003; 
Vörösmarty, Green, Salisbury, & Lammers, 2000). Several studies show that there is an 
increasing threat to water resources around the globe from a  water quality and water quantity 
standpoint (Cook & Bakker, 2012; W. K. Dodds, Perkin, & Gerken, 2013). Water stress is 
gradually becoming a worldwide phenomenon. Water stress is defined as when water demand 
by users exceed the amount available during certain periods or when water use is restricted 
by poor water quality (United Nations Environmental Program, 2004). There have been 
increased water stress than usual compared to the base year 2000 on every continent 
particularly in China, South and Central Asia and Africa (WEFWI, 2012; WRI & Otto, 
2013). Water stress is no longer restricted to arid areas, as parts of Europe and the eastern 
parts of the United States are now under stress. This is as a result of factors such as climate 
change, increased demand and supply (WRI & Otto, 2013). Considering that agriculture 
accounts for 70 per cent of all freshwater demand, it is likely that there will be an increase in 
water stress(Rosegrant, Cai, & Cline, 2002). Regulations aimed at improving operating 
conditions that might reduce water stress resulting from human activities such as agriculture 
are on the increasing (Ilea, 2009; Saleth & Dinar, 2000) 
Concerning agriculture, data compiled by World Resource Institute show that 28% of 
all cropland is experiencing water stress which is related to the total water withdrawal in 
comparison the to the available renewable supply in an area (WRI, 2016). 
These facts on global water stress challenges indicate resource challenge that various 




driving the institutional environment in which businesses operate; this is leading these 
businesses to alter the way they conduct their business activities in response to their negative 
effects on water resources (Rosegrant et al., 2002; Saleth & Dinar, 2004).  
In New Zealand, water is a  major input for the production of goods and services from 
meat, horticultural, dairy and forestry industries (Ministry for the Environment, 2010b, 2011). 
New Zealand has over 70 major rivers, more than 770 lakes and a significant quantity of 
water in underground aquifers (New Zealand Conservation Authority, 2011). Despite the 
relatively high amount of available water resources that the country has, some areas 
experience freshwater stress (Ballantine & Davies-Colley, 2014; Ministry for the 
Environment, 2011). It is estimated that most regions in New Zealand have at least one river 
(surface water) or aquifer (groundwater) that is either fully over-allocated, or likely to 
become so (Fenemor, Neilan, Allen, & Russell, 2011; Snelder et al., 2013). Also, many areas 
around the country including Taupo Areas and the Rotorua lakes areas face water issues 
related to water quality (Abell, Hamilton, & Paterson, 2011; Ledgard, 2016). In general, the 
state of water health has been declining around the country especially in areas where there is 
the intensification of land use activities such as agriculture (Kaye-Blake, Schilling, Nixon, & 
Destremau, 2014; Larned, Snelder, Unwin, & McBride, 2016). To put things into perspective, 
freshwater demand has also increased since the 1980s due to agricultural intensification and 
related demand for irrigating pasture (Aqualinc, 2010; Ministry for the Environment, 2010a).  
The main source of pressure on water is pastoral agriculture (Ballantine & Davies-
Colley, 2014; Marsh, 2012). This is responsible for polluting surface water resources as well 
as some underground aquifers with sediments, animal waste and nutrients associated fertilizer 
use and other chemical inputs.  
Water management, especially in agriculture offers insights into challenges facing 
farm managers and also showcases practices which may be encouraging for many who view 
the management of this natural resource as challenging  (Pimentel, 2012; Tuong & Bouman, 
2003). At the farm level, the noted principal reason for undertaking water management is the 
attempt to minimize the negative stress and risk impacts of production activities on water 
resources and the natural environment (Knox, Kay, & Weatherhead, 2012; Pimentel et al., 
1997). Undertaking water management is also driven by various factors including altruism or 





Ensuring that water quality is protected and water uptake for production is monitored 
to secure its long-term use on the farm is what defines basic water management within 
agriculture (Jakobsson & Dragunt, 1991; Molden, 2007). Hence, to make any impact on 
water management at a sector or industry level, the work needs to start at the basic unit, 
which is the farm. The study also recognises that challenges facing farm-level water 
management may originate from the catchment-wide impact of various users of the commons 
(water) (M. Hall, 2016; Lundqvist, 2001). These challenges are discussed further in the 
literature review sections 2.4 and 2.5.  
Water management in the New Zealand livestock industry has its challenges but may 
act as a driver of innovation (Rockström & Falkenmark, 2006; Sharpley, Foy, & Withers, 
2000). Innovations such as certain precision agricultural practices like soil moisture probes 
are noted as being driven to some extent by challenges such as regulatory challenges 
associated with ensuring more efficient use of natural resources such as water. This example 
and other practices such as computerized GPS-based precision irrigation technologies suggest 
that in aiming for a higher level of environmental stewardship and in implementing practices 
aimed at reducing or eliminating various pollutants, new and innovative approaches for farm 
operations may be discovered and developed (Rockström & Falkenmark, 2006; Sharpley et 
al., 2000). This also means that new resource combination configurations may be developed.  
This is a potential benefit in a challenging environment that may lead to increasing the 
opportunities available to a farming operation. Alongside this potential benefit, other 
potential benefits of farm-level water management may include improved customer 
perception and reputation (Lennox, Proctor, & Russell, 2011; Memon & Selsky, 2004), 
improved farm bottom-line performance as well as environmental improvements with regards 
to resources such as soil, and biodiversity (Manderson, Mackay, & Palmer, 2007; Moller et 
al., 2008). some of these potential benefits are crucial in encouraging farmers to take up 
various practices that ultimately improve their farm water management.  
As mentioned, water management at the farm level may aid in the development and 
combination of resources such as labour, technology etc. by farmers through the processes 
and routines used aimed at reducing water use, and eliminating or reducing nutrient loss to 
waterways (Astier, García-Barrios, Galván-Miyoshi, González-Esquivel, & Masera, 2012; 
Perez, 2010). Resources (both tangible and intangible) are developed and utilised in the 
development/creation of capabilities that are harnessed through a range of practices. The 




(Chambers & Conway, 1992; A. Gray, Boehlje, Amanor-Boadu, & Fulton, 2004). Several 
common practices identified in farm-level water management in New Zealand can be termed 
as targeting pollution prevention (Hart & Dowell, 2011; Williams et al., 2014). Pollution 
prevention among these farmers is what the research focuses on.  Two of such pollution 
prevention examples are fencing-off of waterways from livestock, and the creation of buffer 
zones (riparian strips) between production land and waterways (Synge, MacKay, & Palmer, 
2013; Williams et al., 2014).  
The  Resource Management Act of 1991 is the current framework for water 
management in New Zealand (Ministry for the Environment, 2006b, 2010b). Through the 
RMA, the government, through collaborations with various stakeholders including farmers 
issues national policy statements and national environmental standards which serve as 
guidelines for regional councils in setting their regulations (Kaye-Blake et al., 2014; Ministry 
for the Environment, 2012b). Despite the development and proliferation of regulations, it is 
noted that water bodies in the country are increasingly being affected in terms of declining 
water quality or increasing use (abstraction) of water (Ballantine & Davies-Colley, 2014; 
New Zealand Conservation Authority, 2011). Negative impacts from nitrogen and 
phosphorus, as well as the discharge of suspended solids into water bodies from various 
activities (Cullen, Hughey, & Kerr, 2005; Ministry for Primary Industries, 2013), are known 
to impact on the purity of the water resource environment and may also impact the credibility 
of the green image of  New Zealand. 
1.2 Research problems and questions 
Of particular interest are the resources and capabilities used to improve water 
management in the face of changing regulatory environment in New Zealand (Fisher & 
Russell, 2014; Knox et al., 2012). Also, of interest is how capabilities developed by farm 
managers in response to the changing regulatory environment relating to water impact farm 
business performance from the farmer perspective.  
It is not particularly new knowledge that when businesses are faced with constraints, 
they respond through various means including developing resources and bundling these 
resources through processes and routines to build capabilities (Marsh, 2012; Menguc & 
Ozanne, 2005). Under various influences including regulatory regimes impacting water 




business activities through developing or adopting new approaches that improve their water 
use efficiencies or merely adopt existing minimal compliance-based approaches. Regardless 
of the approach they take, resources will be combined to create capabilities that will guide 
their water management. Whilst some work (Berry & Rondinelli, 1998; Pagell & Gobeli, 
2009) have been investigating resource combination resulting from influences such as 
regulations, studies from water management contexts involving agribusinesses have been 
limited. Thus, this research is being undertaken with the aim: 
Research Aim: - To understand the key resources used by award-winning farmers to 
manage water and how this may affect farm performance.  
To achieve this aim, data collection and analysis will be guided by three research 
questions; water degradation and depletion is a major problem identified as associated with 
the livestock farming industry in New Zealand (Ballantine & Davies-Colley, 2014; Fisher & 
Russell, 2014). The study aims to contribute to improving the impact of livestock farming on 
water resources.  The thesis also establishes that the agricultural industry and the country are 
keen to avoid situations akin to the tragedy of the commons scenario drawn out by Garett 
Hardin in his 1968 paper (Hardin, 1968) with regards to water resources. As sections 2.3, 2.4, 
2.5 and 2.6 illustrate, it is clear from the literature on the use of water resources in 
agribusinesses that the industry’s negative impact on water resources has led to a range of 
pressures on managers and policymakers (Jay, 2007; Michel-Guillou & Moser, 2006). These 
pressures may influence farmers or farm managers in adopting practices and programs that 
can help reduce the impact on water resources whilst also keeping an eye on the performance 
metrics of the agribusinesses (Buckley & Carney, 2013). A few studies have addressed this 
from a strategic management point of view (Esty & Winston, 2006; Ribaudo & Caswell, 
1999). Further, the issue of water footprint management needs to be approached from an 
organisational and natural environment perspective in the context of a country like New 
Zealand where agribusiness contributes significantly to the economy and also where the 
regulatory requirements are being tightened regularly. This line of enquiry on water footprint 
management is first guided by: 
Research Question 1: How is water footprint management understood at the farm 
level in New Zealand?  
It has been argued that understanding key resources used by businesses offer an 




López, & Verde, 2012). Although organisational management literature argues that resource 
use and bundling of resources are at times driven by the natural environment, further 
investigations within different industries are needed to understand the role of key resources 
use and combination of resources that could improve and sustain business performance in the 
face of mounting natural environment challenges.  
It is argued in section 3.4 and 3.9 that the NRBV from a strategic management 
perspective is a suitable lens to understand how award-winning livestock farmers deal with 
managing water successfully within the current regulatory regime around water in New 
Zealand.  
A pertinent line of enquiry is to understand what resources are developed and used 
through various water management strategies specifically pollution prevention strategies by 
farmers. This may allow us to understand how resources are utilised for water management in 
a water-intensive livestock farming industry. The NRBV lens together with the unique 
context under the study lead to the following question: 
Research Question 2:  What are the key resources used in water footprint 
management at the farm level in New Zealand?  
Business performance can be a complex challenge (Buckley & Carney, 2013; 
Pimentel et al., 1997). Work done in various contexts (Bansal & Roth, 2000; Kogg & Mont, 
2012)  has shown that there might be an impact on business performance from the 
development of capabilities aimed at improving business impacts on the natural environment. 
From a livestock industry perspective in a context like New Zealand, this has not been 
explored. This line of enquiry may allow us to understand from the farmers perspective on 
whether farmers are noting the impact of their water management practices on the indicators 
they use to measure their business performance. This line of enquiry guided the following 
research question: 
Research Question 3: From a farmer’s perspective, how has developed water 
footprint management capabilities affected farm performance?  
The findings from these research questions together fulfil the research aim of 
understanding the key resources used by award-winning farmers to manage water and how 




1.3 Theoretical framework 
For setting out the approach of the study, it is important to outline the theoretical 
framework that underpins this research. About the aims of the research and the research 
questions developed, the study is being approached from the strategic management 
perspective based on the natural resource-based view perspective (NRBV).  
The natural resource-based view is a relatively new extension of the resource-based 
view theory which accounts for the influence of the natural environment related challenges 
on businesses and how these impact on businesses developing and combining resources at 
their disposal to respond to challenges such as challenging external institutional environment 
(Hart & Dowell, 2011; Salvadó et al., 2012). In this research, the changing external 
institutional environment refers to increasing regulatory and policy influences as well as other 
notable influences which guide the development of norms and various improved practices 
which these livestock agribusinesses operate within (Berrone, Fosfuri, Gelabert, & Gomez-
Mejia, 2013; Delmas & Toffel, 2010).  
The study draws on the natural resource-based view, particularly on pollution 
prevention aspect of the theory (Fowler & Hope, 2007; Hart, 1995). The key resources 
(resource combinations) that are utilised when an agribusiness takes a pollution prevention 
approach in water footprint management may provide empirical evidence to support a 
significant message noted in the literature (Christmann, 2000; Newbert, 2008) that the 
operations of a business and its effectiveness in terms of performance are dependent on how 
effectively resources are combined and utilised to achieve the goals and aims of the 
organisation. 
In summary, this research is concerned with how livestock agribusinesses adapt, from 
a resource perspective when the contexts within which they operate presents a stern challenge 
in terms of requiring them to alter the way they operate with regards to water resources 
together with their farm performance.   
 
1.4 Structure of the thesis 




The thesis opens with a review of the literature relevant to the study and research 
objectives. Chapter Two presents a review of water management in agriculture particularly 
livestock agriculture in the context of New Zealand agriculture. Firstly, the chapter presents 
literature to expand on the rationale for a study focused on water use in New Zealand 
livestock agriculture. Secondly, the chapter reviews how challenges can impact on managers 
and policymakers in terms of their responses to water management also, their water 
management practices at the farm level in the context of wider challenges faced with water 
resource management. In Chapter Three, the review delves into the principal literature focus 
of the study by presenting literature on organisational management and the natural 
environment. Sections in this chapter present and discuss relevant literature relating to how 
organisations manage natural resources, specifically water resources and the impact of these 
management approaches (including water footprint management capabilities on overall 
organisational performance). Chapter Three also establishes the natural resources-based view 
as the theoretical lens through which this study is viewed and points to the potential 
contribution of this study to the literature on pollution prevention under the NRBV theory.  
Chapter Four presents the methodological approach and methods used in the data 
collection and analysis. The first half of the chapter presents the epistemological stance that 
influenced the design and implementation of the research – referential pragmatism. Chapters 
Five to Eight present findings of the study. Chapter Five presents an overview of the 
respondents in the study including demographics. Chapter Six presents findings on aspects of 
the farm environment and water that contribute to water footprint. The chapter also presents 
findings on influences and drivers that impact water footprint management compliance. 
Chapter Seven describes the practices implemented by the farmers and the resources they 
utilised in building their capabilities. Chapter Eight presents findings on potential 
performance benefits from the farming operations from the farmer perspective. 
Chapter Nine discusses the research findings as well as the implications for the 
literature, theory and industry. The chapter discusses the importance of tangible and 
intangible resources, influences and drivers and how these related to water management in 
livestock farming operations. These areas of discussion are highlighted together with other 
relevant findings. The thesis concludes with chapter ten which summarises how the research 






























2.1 Introduction  
This chapter serves two purposes. The first is to elaborate the contextual scenario on 
general pressures and challenges to water management. This is done by focusing on the New 
Zealand context of the study. The second purpose is to use the subject of the tragedy of 
‘commons’, with a focus on water, and the management approaches prescribed as an 
overarching knowledge on regulatory governance systems that may impact how some 
farmers develop capabilities within the New Zealand context to manage their water.  This is 
in contrast with the next chapter (Chapter 3), which establishes the management theoretical 
basis of the research.  
This chapter is divided into six sections and considers the justification for a study 
focused on water use in New Zealand agriculture. Specifically, this chapter explores four key 
aspects of the New Zealand context of this study. Firstly, section 2.2 explores the Tragedy of 
the Commons as a lens for understanding the management of water in New Zealand and New 
Zealand agribusinesses. Section 2.2 also discusses the conundrum of a nation keen to avoid 
the depletion and degradation of its water resources, and the evidence in support of focusing 
on agribusinesses as a major contributor to these effects. It establishes why New Zealand 
livestock agribusinesses are a relevant focus for such a study. Secondly, it discusses the 
concept of water footprint management in the context of this study (Section 2.3). Thirdly, it 
reviews literature insights on water management challenges in New Zealand from a water 
quantity and quality perspective (section 2.4). The next section looks specifically at the 
reported impacts of livestock farming on water quality and quantity at the farm level (section 
2.5). Finally, section 2.6 provides some insight into the regulatory and policy responses to 
water resource challenges at the farm level in New Zealand.  
This study investigates how farmers in New Zealand develop and use key resources in 
the face of growing environmental regulatory and policy challenges and demands from 
markets and various stakeholders. 
2.2 The Tragedy of the Commons and water management in the New 
Zealand agribusiness industry  
This section aims to set the scene by first explaining the concept of the tragedy of the 




this study. Then, the justification for choosing to focus on (1) New Zealand agribusinesses 
and (2) water management by these agribusinesses as the context for the study is presented.  
2.2.1 Using the Tragedy of the Commons to understand the use and management of 
natural resources in New Zealand  
Societies depend on natural resources such as land, water, air, raw minerals and 
biological resources to ensure their survival (Crosson, 1995; Giampietro, Aspinall, Ramos-
Martín, & Bukkens, 2014). For instance, about 90% of the water needed by economies is 
embedded in food supply chains (Allan, 2015) and, for land, the total land area utilised for 
agricultural production was close to 40%  of the earth’s total land area in 2013 (The World 
Bank, 2017). Businesses, in particular, use resources to achieve their goals and objectives 
(Sirmon, Hitt, & Ireland, 2007; Torvik, 2002). For businesses, resources usually include land, 
water, machinery, skilled personnel, trade contacts and in-house proprietary knowledge 
(Barney, 1996; Wernerfelt, 1984). In general, these resources can be classified as natural 
(land, water), human (people), physical (e.g. building, equipment, materials), financial 
(money), service (e.g. energy, information, communication systems) or intellectual ( See 
Barney, 1991; Dollinger, 2005; Hofer & Schendel, 1980) resources. With natural resources, 
scholars acknowledge that businesses that rely on them consider them very important in 
achieving desired objectives (Esty & Winston, 2006; Ruini, Marino, Pignatelli, Laio, & 
Ridolfi, 2013). It is challenging for businesses when restrictions are put in place to limit the 
usage of these natural resources. This is especially the case where abundance has meant 
better business performance and outputs for a sustained period in the past, but recent trends of 
overexploitation and natural resource depletion have led to increasing restrictions on the use 
of natural resources.  
The Tragedy of the Commons (Hardin, 1968) is a foundational but well-established 
perspective from the management/economic sciences for illustrating and understanding a 
scenario for the overuse of natural resources in society as well as prescribing regulatory 
approaches for the management of these natural resources. As stated in the introduction to 
this study (Chapter 1), the agribusiness industry is both an important contributor to New 
Zealand’s GDP, and a major contributor to natural resource depletion. The Tragedy of the 
Commons, therefore, provides an appropriate view that leads towards framing these 




the practices to conserve natural resources in an industry faced with both the importance of 
economic performance and the urgency of natural resource conservation and relief.  
The Tragedy of the Commons presents a scenario in which natural resources are 
depleted and degraded because of individuals and individual organisations pursuing their 
benefits from the use of natural resources while facing minimal costs associated with the use 
of those resources (Feeny et al., 1990; Hardin, 1968; Ostrom, 2008). It has been referred to as 
a ‘tragedy’ under the assumption of consensus that total natural resource depletion would be a 
sombre and tragic event, and natural resources have been termed ‘commons’ due to their 
ubiquitous and freely available nature, and therefore our inability to regulate and enforce 
more sustainable use of these resources. Hardin’s initial work in 1968 suggested that he could 
not envision resource users self-organizing and developing institutions to help extract 
themselves from tragic overuse. His work, however, suggests privatisation and government 
involvement in managing natural resources. Later research through evidence demonstrates 
that the tragedy of the commons could be improved if the right institutions are designed to 
govern the use of these resources  (Barclay, 2004; Feeny et al., 1990).   
Governance approaches on natural resources identified include private property 
management, communal property and state property management regimes (See Berkes, 
Feeny, McCay, & Acheson, 1989; Schlager & Ostrom, 1992). The private property 
management approach which had been mentioned by Hardin (1974) involves the exclusion of 
some from using the resource of interest (Pell, 1991; Smith, 1981), while regulation of the 
resource is a responsibility vested in the caretaker or owner (Berkes et al., 1989; Bromely, 
1991). This is akin to farm level natural resource management because of the rights conveyed 
to the farmer in terms of responsibility for ensuring that the natural resources that the farm 
operation depends on are not degraded or depleted. With this approach, their rights are 
conveyed to them by the state when necessary (Bromely, 1991). However, this approach may 
still lead to private overexploitation of resources if the resource is located on private land 
with little or non-existent control by the state.  
Communal property management involves the holding of the resource by a 
community (Bromley & Cernea, 1989; Schlager & Ostrom, 1992). The community has the 
potential to exclude outsiders while regulating the use of the resource by members of the 
community (Feeny et al., 1990; Ostrom et al., 1999). The catchment-wide approach to water 




(Fenemor et al., 2011; McNeill, 2016). Self-interested individuals can co-operate and act 
altruistically in communal property management with the view on long term interests of the 
community (Brower 2016, Ostrom 1998). However, even under this type of arrangement, 
there is still the potential for natural resource depletion, as evidenced by one study conducted 
in Pakistan, for example (See Azhar, 1989).  
Finally, under State property management, the government is responsible for making 
decisions concerning the access and use of the resource and the extent of exploitation through 
collaborations with various stakeholders(Bromley & Cernea, 1989; Schlager & Ostrom, 
1992). This is a top-down approach to governance of natural resources. However, though 
there are many documented cases of success (see Feeny et al., 1990; Hanna, Folke, & Maler, 
1995 for example), these regimes are not always successful. These schemes are particularly 
vulnerable to failure when effective support policies are not established, thus leading to the 
exploitation of resources usually associated with “free for all to use” situations (See Ballet, 
Sirven, & Requiers-Desjardins, 2007; Lockwood, Davidson, Curtis, Stratford, & Griffith, 
2010). State property management is reflective in regional and national level natural resource 
management approaches which are driven by legislative acts and policy statements as noted 
in a country like New Zealand (Larned et al., 2016; Parliamentary Commissioner for the 
Environment, 2016).  
The management of natural resources is a challenging issue for businesses including 
livestock agribusinesses and societies like New Zealand (Haden, Oyler, & Humphreys, 2009; 
Hoffman & Georg, 2013) as, if not managed well, can result in depleted resources (such as 
increased air emissions, water quality deterioration and soil degradation) (Berkhout, Hertin, 
& Gann, 2006; Scanlon, Jolly, Sophocleous, & Zhang, 2007). The challenge presented to 
businesses leads to various resource configurations considering the impact of the regulatory 
environment and what natural resource management including water footprint management 
mean for businesses. The tragedy of the commons considers all potential users of common 
resources and thus takes into account the impact of the change in the resource availability on 
all users (Ostrom, 2008).  It has also been argued that the use of natural resources to the 
detriment of all users is the reason that coordinated regulatory solutions are being 
administered by governments through various relevant bodies (Connell & Grafton, 2011; 
Getches, 1985), to reduce the adverse effects of human activities such as livestock farming on 




Figure 1 illustrates the contextual focus of this research.  
 
Figure 1 Examples of natural resources (i.e. the 'commons') and the businesses that use 
them 
If we conceive of natural resources such as water as ‘common’ resources, available to 
all, managed (individually, communally or stately)and sometimes difficult to regulate, and of 
users of these natural resources as able to access and exploit many of these resources often 
with limited restriction, we might consider the concentric circles presented in Figure 1. In this 
figure, examples of business users (including livestock agribusinesses) of natural resources 
(the ‘commons’) are presented as the inner circle, surrounded by examples of types of natural 
resources. These businesses rely on various natural resources to achieve goals and objectives. 
It is important to imagine that the inner circle can and does rotate, capturing and using 
different natural resources at different times – that is, no one business or type of business 
relies solely on a single natural resource. It is acknowledged that all elements are deeply co-
dependent, and that usage of natural resources cannot be completely isolated out into 
individual resources and effects. However, it is possible to separate individual perspectives 




sake of simplicity and narrowing the research focus, this study focuses on the responses and 
perspectives of a single type of business (livestock agribusiness) to evidence of depleting 
stocks and flows of a single type of natural resource (water). This focus is highlighted as 
boldened and in italics in Figure 1.      
2.2.2 Why the New Zealand agribusiness industry? 
Agribusiness offers considerable opportunities for sustainable economic, 
environmental and social development (Humphrey, 2006; Weatherspoon, Cacho, & Christy, 
2001). The agribusiness sector (agriculture, fishing and forestry) was responsible for over 50 
per cent (NZ $42.5 billion) of New Zealand’s export earnings (Ministry for Primary 
Industries, 2019; Statistics New Zealand, 2018a), and contributed about 18% of the total GDP 
growth rate between 1996 and 2012 (Statistics New Zealand, 2013a). Currently, the 
agribusiness sector contributes to about 5% of the total GDP (Statistics New Zealand, 2018b). 
Also, agricultural development in New Zealand is highly regarded the world over (Coelli & 
Rao, 2005; Jay, 2007) – a reputation that is strongly linked to the relatively cleaner 
environment in which New Zealand farmers operate (Coyle & Fairweather, 2005; Dew, 
1999). A strong, well-recognized green image for agribusiness is important for New 
Zealand’s reputation and brand(Blackett & Le Heron, 2008; Dew, 1999). In a survey of 
agribusiness leaders across New Zealand, “robust practices to support New Zealand’s clean 
image” ranked 2nd in the list of top priorities for managers in the industry (KPMG, 2012). 
This clean and green image is regarded as a significant competitive advantage that should be 
protected by creating policies and initiating projects under those policies. In general, there is 
consensus among the academic community that this competitive edge from a green image can 
act as a powerful selling point (E. Collins, Roper, & Lawrence, 2010; N. Morgan, Pritchard, 
& Piggott, 2002). 
However, agricultural production is generally increasing (Ministry for Primary 
Industries, 2019; Statistics New Zealand, 2013a), and with this increase in production comes 
a corresponding increase in the effect on water resources – namely, water quantity depletion 
and water quality degradation (Clark, Caradus, Monaghan, Sharp, & Thorrold, 2007; 
Monaghan et al., 2007). Water resources in New Zealand are being degraded and livestock 
farming has been repeatedly cited as a major cause of this(Kaye-Blake et al., 2014; Larned et 
al., 2016).  Farmers in New Zealand are therefore faced with the challenge of maintaining the 





2.2.3 Why water? 
Water is fundamental to ensuring that businesses and society perform to their full 
potential (Daily, 1997; Kareiva, Tallis, Ricketts, Daily, & Polasky, 2011). In agricultural 
production, water is used in activities such as crop irrigation and livestock production 
(Pimentel et al., 1997). The story of water footprint management in New Zealand 
agribusinesses is a feature around which farm business performance can be enhanced (Flint & 
Golicic, 2009; S. Gray & Le Heron, 2010). New Zealand has over 70 major rivers, more than 
770 lakes and a significant quantity of water in underground aquifers (NZCA, 2011). The 
main source of pressure on water is livestock agriculture (Ballantine & Davies-Colley, 2014; 
Marsh, 2012) as this is responsible for polluting surface water resources and some 
underground aquifers with sediment, animal waste and nutrients associated with the use of 
fertilizers and other chemical inputs. The livestock agricultural production sector is also 
responsible for the decreased availability of water in some parts of New Zealand, partly due 
to irrigation development for pasture and feed production and the abstraction of water for 
various on-farm related purposes such as livestock water intake and cleaning (Fenemor, 
Lilburne, Green, & Young, 2014; Monaghan et al., 2007).  
These challenges mean that agricultural operations, particularly livestock operations 
that previously relied on water resource depletion and degradation to generate value, are now 
compelled to maintain, create or recreate value while using less and having less impact on 
water resources ( See Ballantine & Davies-Colley, 2014; Clark et al., 2007). Currently,  
freshwater resource legislation in New Zealand is underpinned by the Resource Management 
Act (RMA) (MFE, 2006b, 2010a). The RMA gives regional councils the mandate to 
responsibly manage the complexities surrounding water resources. This mandate is reflecting 
in the tightening water use regulations and rules. (Fisher & Russell, 2014; Otago Regional 
Council, 2014). The complexities include decision-making around water limits from 
discharge to water and abstraction perspective (See Fenemor et al., 2014; Snelder et al., 
2014). These happenings with regards to tightened regulations and how exemplary farmers 
are responding through various means including the use of precision agriculture technologies 
(which will be discussed in the following sections) provide an exciting and rich context 




use the resources in their possession to improve on impacts of their operations on water and 
simultaneously, farm performance.   
In summary, water, the common resource under study here, was once an 
unconstrained natural resource for agriculture, but with this resource facing increasing 
pressures, the view of water management has shifted from one of an unconstrained natural 
resource to a constrained natural resource, with many regulations aimed at preventing a 
modern-day tragedy of the commons. 
2.3 What is water footprint management in the context of this study? 
2.3.1 Water footprint 
The earliest description of a water footprint appears in the form of the concept of 
virtual water first described by  John Anthony Allan in 1998. In his paper Virtual Water: A 
Strategic Resource, Allan states that virtual water is water embedded in agricultural 
commodities such as grain and then goes on to compare the amount of water used to produce 
a kilo of meat and a kilo of wheat. For example, he concludes that it takes 16 times more 
water to produce a kilo of meat than a kilo of wheat. In another early related early 
publication, it is suggested that virtual water embedded in food can solve the water crisis in 
the Middle East (Oxford, 1998). These earlier papers related the concept of virtual water to 
the amount of water used per activity or product, and the water embedded in a product 
because of water use in the production process.  
Arjen Hoekstra is credited with coming up with the concept of water footprinting 
(Hoekstra & Hung, 2002). These authors linked life cycle analysis to virtual water over the 
life cycle of a product to assess the effects of the product in terms of impact on water quantity 
and quality. They considered that this approach would be the most practical use of the virtual 
water concept because “knowing the virtual water content of a product creates the awareness 
of the different water volumes that go into the production of various goods” (Hoekstra & 
Hung, 2005; Hoekstra & Mekonnen, 2012) – thus providing an idea of which goods have the 
biggest impact on the quality of water systems and where water savings could be achieved 
The concept of water footprint has evolved to be seen as a comprehensive indicator of 
direct and indirect freshwater use by products supply chains and consumers (Chahed, 




study, water footprint relates to the knowledge of livestock farmers about the impact of 
various stages of their production system on water resources in and around their farm 
properties. This definition takes cues from Allan’s concept of virtual water and Hoekstra’s 
work on developing a comprehensive indicator of the impact on products and services on 
freshwater. Water footprint for this research considers livestock farmers using various tools 
and approaches to support their knowledge of the impacts of their production systems on 
freshwater. This is about knowing their impacts from both a quality and quantity perspective. 
In terms of the context with the farm environment, the research only considers the impact to 
water resources of activities happening on the farm and ignores the impact to water 
resources of raw material production happening outside the farm gate (e.g. fertilizer 
production) and the use of the farm product when it leaves the farm gate.  
Although water footprint is now seen as a concept affecting the knowledge of water use and 
water quality by scientists to inform stakeholder actions, it is also considered an 
organisational capability has been developed through a combination of various resources (De 
Benedetto & Klemeš, 2009; Ridoutt, Eady, Sellahewa, Simons, & Bektash, 2009). A 
significant amount of research has been conducted to evaluate the process of resources 
development and use in the adoption of similar capabilities, such as carbon footprint 
management and business performance, but little has been done with regards to the more 
recent concept of water footprint from an organisational management perspective (Pahlow, 
Snowball, & Fraser, 2015; Ridoutt, 2011) and specifically from a capability development 
view. There is the potential that the application of this concept to an organisation’s operations 
could yield positive results which, in the frame of this research, could be regarded as a 
potential means of improving the performance of a firm. 
In the New Zealand context, the approach of understanding the use of water on farms 
through the concept of water footprint has been noted in studies which focused on livestock 
farming and agricultural products (Herath et al., 2013; Zonderland-Thomassen & Ledgard, 
2012). In each of these studies, it was concluded that there is variability in regional water 
footprints due to localised conditions. Thus, managing water footprint should not only 
consider the processes on the farm but also the impact of other external factors including 
regulatory requirements and limits as well as the decisions that the farmer makes. Regardless 
of the different approaches to water footprint, from an organisational management 




their operations on water and making resource-intensive decisions around practices to reduce 
the negative impact.  
2.3.2 Water footprint management 
A search of the literature in Scopus and Google scholar for ‘water footprint’ generates 
nothing that specifically mentions water footprint management. However, based on the work 
of Falkenmark & Rockström (2006) and Pahlow et al. (2015), water footprint management 
can refer to knowing the water footprint of an activity and implementing measures and 
practices to reduce the footprint. This means developing capabilities to deal with improving 
the state of water resource use. The management of natural resources such as water presents a 
challenging issue for businesses (Haden et al., 2009; Hoffman & Georg, 2013) due to the 
nature of problems that may arise when water resources are not managed well (Berkhout et 
al., 2006; Scanlon et al., 2007).  
In the management of water footprint, the decision-making and practices employed 
might skew towards a focus on either the quantitative impact on the water resource, or the 
qualitative aspect, depending on the objectives of the individual or organisation (Mekonnen, 
Hoekstra, & Becht, 2012; Pahlow et al., 2015). Hence this raises the question as to which of 
these aspects of water is a priority for managers to consider in terms of decision-making at 
industry and/or the farm level. Although the literature stresses the importance of both aspects 
of the water footprint, the review suggests that in livestock agribusinesses around New 
Zealand, pragmatic decision-making means that farmers consider external institutional and 
economic factors (compliance, market access, prices, costs) in deciding where the emphasis 
is to be placed (Dewes, 2014; Groenfeldt, 2013).  A study of the literature on some farming 
operations in New Zealand that are recognised for their focus on sustainability also seem to 
support these findings (Clark et al., 2007; Jay, 2007). In these papers, farms in Canterbury are 
focused on water quantity whereas farms around the Taupo region are more concerned about 
the impact on water quality. What is clear from the literature is that farm managers and 
organisations realize this and allow this to drive the decision-making and the practices aimed 
at reducing the negative impacts on the water resources under pressure. 
2.4 Water management challenges in New Zealand 
Dealing with water management challenges has become a crucial aspect of livestock 




because the current system of farming is largely based on irrigated pasture in some parts of 
the country, and fertilizer usage and increase in livestock numbers across the nation (Selbie, 
Watkins, Wheeler, & Shepherd, 2013; Sparling & Schipper, 2004). Indeed, water is one of 
the most monitored natural resources in New Zealand (Kaye-Blake et al., 2014; 
Parliamentary Commissioner for the Environment, 2016). Coupled with the fact that the 
livestock farming industry is one of the major users of the water resource of New Zealand, it 
is expected that livestock farming users of this resource will at some point experience 
challenges that come about because of stakeholders (such as the national government, 
regional councils, farmer catchment groups, research bodies and cooperatives) concerns 
about their impact on the resource. Based on these challenges and the concerns regarding 
livestock farming impacts on water, studies like these are appropriate. 
The challenges with water in New Zealand start with competing users and uses of 
water. Table 1 below illustrates the competing uses of water in New Zealand and its relation 
to the quality and quantity dimensions of water management challenges developed through 
public discussion by the New Zealand Institute of Economic Research (Kaye-Blake et al., 
2014). In the table, it is noted that from a water quantity perspective, water use is classed as 
consumptive (a use that leads to the permanent withdrawal of water from its source) and 
extractive (water use that leads to the diversion or withdrawal of water from a groundwater or 
surface water source)(Vickers, 1999). For example, in New Zealand, it is noted that irrigation 
leads to a permanent withdrawal of water from a source and is also use that leads to the 
diversion of water from a groundwater or surface area. From a water quality perspective, 
irrigation use is not as important as residential use in terms of impacting the water quality. 
The same table shows that in terms of water quality, hydrogeneration of electricity is low in 
terms of impact. 
Table 1 Competing uses of water in New Zealand from NZIER, Land and Water Forum 
(Source: Kaye-Blake et.al, 2014) 
Use Quantity Importance of Quality 
Irrigation use Consumptive uses Extractive uses Medium 
Residential use  High 
Hydro-generation use Non-consumptive uses Low 
Ecological function Other uses Non-extractive uses High 
Recreation function High 






The two major dimensions of competing uses of water are water quality and quantity 
(Canterbury Regional Council, 2008; Kaye-Blake et al., 2014). For most users, water quantity 
relates to the amount of water available to be utilized for production and services (Scanlon et 
al., 2007; J. B. Zimmerman, Mihelcic, & Smith, 2008). Water quality, on the other hand, 
relates to physical parameters such as clarity, BOD3 and E.coli for example (Larned et al., 
2016; Threlfall, 2011). Based on their objectives, farmers may view water footprint 
management as relating to water quality or water quantity or both. Thus, it is important to 
understand the context around these aspects of water resources under which farmers in New 
Zealand make resource bundling decisions.  
2.4.1 Water quantity 
New Zealand has abundant water resources, much of which is usually supplied by 
precipitation (Fenemor et al., 2011; New Zealand Government, 2011), except in a few 
regions that regularly experience drought and hence have a much higher dependency on 
irrigation from both surface and underground water sources (Kaye-Blake et al., 2014; 
Ministry for the Environment & Statistics New Zealand, 2015). At the catchment level in 
New Zealand, there have been challenges to the management of water quantity resulting from 
issues of over-allocation of water resources (Memon, Kirk, & Selsky, 2011; Snelder et al., 
2013) most notably during the drier parts of the year. In particular, water has been over-
allocated or overused in Otago and Canterbury (Aqualinc, 2010; Kaye-Blake et al., 2014). 
Southland’s high allocation rate is due to its hydro generation. These allocation figures are 
noted in Figure 2 below  
 





Figure 2 Changes in regional weekly allocation between 1999 and 2010 (Source: 
Ministry for the Environment 2010/Aqualinc 2010) 
 
Over allocation is one of the main challenges facing New Zealand as various users 
clamour for water for their products and services. The RMA which guides authorities to 
allocate water on a first-come-first-served basis is a system that can sometimes lead to 
livestock farmers not being able to access enough water for their farms because allocation 
limits for their catchments have already been met (See Clark et al., 2007; Duncan, 2014). 
With challenges like these, farmers are forced to alter their practices, and these could lead to 




2.4.2 Water quality 
Water quality is regarded as being relatively high in New Zealand’s South Island 
where 40 major river bodies are located (Larned et al., 2016; New Zealand Conservation 
Authority, 2011). The upper reaches of the 30 North Island rivers are also generally 
considered to be of relatively high quality (Larned et al., 2016; New Zealand Conservation 
Authority, 2011). Recently, water quality in lowland streams has been noted to be declining 
(Larned et al., 2016; New Zealand Conservation Authority, 2011). The decline in the quality 
of some lowland streams has been noted to be resultant from nutrient and E.coli 
contamination from farming operations (Larned et al., 2016).  A study from NIWA focused 
on river water quality using data from over 900 monitoring sites and, using parallel and trend 
analysis has also concluded that river sites in urban and pastoral areas are of poorer quality 
than in areas such as forests and natural land cover areas (Larned et al., 2016). Despite this 
finding, conclusions also from the study show that there has been an improvement in 
ammoniacal nitrogen, dissolved reactive phosphorus and total phosphorus on pastoral and 
urban area lands. With regards to regions in New Zealand, extant research suggests that that 
water quality is worse in Auckland, Bay of Plenty and Gisborne than other regions of the 
country (Ballantine & Davies-Colley, 2014; D. Collins, 2012; Lockie & Neale, 2013). 
However, these findings do not mean that the other regions are not also experiencing 
decreasing water quality levels.  
Research on the effects of New Zealand’s pastoral agriculture sector on water quality 
and water use uptake also reveals that the management of soil and other aspects of the farm 
environment and the attention that farmers may accord practices they put in place play a 
crucial role (Jakobsson & Dragunt, 1991; Mackay, 2008; Sharpley et al., 2000). These studies 
showed that practices that targeted the minimisation of nutrients such as phosphorus and 
nitrogen transfer from soils into receiving waters were beneficial for water resources. Such 
practices may lead to less negative effects on water in New Zealand which can decrease the 
impact of livestock farming practices such as leaching from urine patches on water bodies 
(Jakobsson & Dragunt, 1991; Jay, 2007). Technology and science knowledge are noted as 




2.5 Water management challenges on livestock farms in New Zealand 
Farm-level water management challenges are thought to be related to various factors 
such as pressure on the surface and underground water systems, cumulative effects on 
ecosystems, cultural health related to those water resources, climate change and 
infrastructural issues (Jenkins, Friend, & Midgley, 2014). While facing these challenges, the 
current system of farming as noted earlier in section 2.2.2 is also affected by the increased 
use of water through irrigation and the utilisation of fertilisers to grow pasture to aid farm 
profitability and meet food demands (MacLeod & Moller, 2006; Moller et al., 2008). The 
impacts of these practices coupled with the demands of the regulatory environment and 
stakeholders concerns present challenges for farm operators (MFE, 2001; Sims, Goggin, & 
McDermott, 1999) when measures have to be put in place to improve these impacts. Studies 
of New Zealand’s dairy industry (which accounted for 25% of the country’s export earnings 
in 2011) also show that livestock management and the availability of effective farm physical 
infrastructure present challenges for water management at the farm level (See R. Collins et 
al., 2007; Jay, 2007).  
Inevitable changes to farm operations due to regulations and limits on water resources 
linked to the RMA mean that livestock and farm operations must be managed in such a way 
that they have a less direct and indirect impact on water resources. This trend is partly driven 
by the influence of industry stakeholders who are championing best management practices to 
improve the ability of farmers to deal with challenges associated with managing water 
(Hughey, Cullen, Kerr, & Cook, 2004; Palmer, 2013).  
Livestock production impacts water resources through direct and indirect effects on 
freshwater and estuary habitat through farm activities (Agouridis, Workman, Warner, & 
Jennings, 2005; Ballantine & Davies-Colley, 2014). Resulting from these challenges and 
impacts, farmers face considerable complexity in their decision-making but also drive their 
ingenuity through the water management practices they put in place (Buckley & Carney, 
2013; Ledgard, Zonderland - Thomassen, Lieffering, & McLaren, 2012). With the rising 
human population, the call to increase food production around the world is bound to intensify 
the use of certain resources especially water to help meet the demand for food (Crosson, 
1995; Konar et al., 2011). The challenges associated with ensuring the sustainable use of 
water resources in response to the intensification of livestock production in New Zealand 




lead to the reduction in the degradation and depletion of clean water (Fereres & Connor, 
2004; MFE, 2001).  
Regulations and rules that seek to reduce the impact of farm-level activities on water 
resources are on the rise(Duncan, 2014; Scarsbrook & Melland, 2015). However, livestock 
farmers are also concerned about the impact of legislation on their farm operations (Knox et 
al., 2012) and their ability to use the resources they require while dealing with such 
regulatory challenges (Perez, 2010; Sutherland, 2010). Most significantly, farmers in many 
locations are concerned about the challenge that regulations might pose in terms of their 
impacts to water from excess nutrients, especially phosphorus and nitrogen (Perez, 2010; 
Robson et al., 2012). This may mean they may have to balance resource to deal with new 
constraints and the challenges associated with water management legislation at the farm level 
(Greiner & Gregg, 2011; Knox et al., 2012).  
2.6 Regulatory, policy and program responses to protecting New Zealand 
waters 
Responses to the challenge of sustainably managing water resources have been varied. 
This is expected considering the complexity of the natural resource management regime used 
by the government. The RMA guides the management of water resources in New Zealand. It 
is an effect-based statute. Through this, the regional and district councils must also ensure 
that businesses that rely on access to water can contribute effectively to the economy while 
still meeting the regulatory requirements designed to protect the water resource. 
2.6.1 Regulatory and policy responses 
A review of over 120 documents from academic journals, regional councils, national 
organisations and the agricultural industry reveals that water management in New Zealand is 
driven at different levels: national government, the regional (government) council, catchment, 
property and also at the industry levels (Fenemor et al., 2011; Robson et al., 2012). The RMA 
as mentioned currently acts as the overarching resource that guides decision-making around 
water (Ministry for the Environment, 2006b). It is supported by the Local Government Act of 
2002, which empowers local government to make decisions that benefit the inhabitants and 
the community they serve (Fenemor et al., 2011; Parliament, 2002). Before the RMA, some 
of the prominent legislation aimed at improving the management of water and the 




aimed at reducing flooding, erosion and sedimentation (Government of New Zealand, 1941), 
the Water Pollution Act of 1953 and the Town and Country Planning Acts of 1953 and 1977 
(Government of New Zealand, 1941; Memon & Gleeson, 1995). 
Regional Councils have a critical role in ensuring the protection of water resources in 
New Zealand (MFE, 2010a). As part of their role under the RMA, the regional councils are 
required to: 
• Set up monitoring sites across their jurisdictions to monitor indicators relevant to 
water quality standards (Ministry of Health, 2008) (Henkel, 2013; Ministry for the 
Environment, 2011; Northland Regional Council, 2011).  
• Recognise the importance of water resources to local communities including the 
Maori communities who place spiritual and cultural values on the preservation and 
use of freshwater sources (M. Gibbs, Waldron, & Bennett, 2008; Northland 
Regional Council, 2010)  
• Ensure the adherence to specific regional laws associated with water use and how 
that affects the quality and quantity of a water resource in any area (Auckland 
Council, 2012; MFE, 2006a, 2009)  
• Tackle the issue of water management with various stakeholders through 
appropriate stakeholder management (Dieren, 1995; Otago Regional Council, 
2009)  
• Improve water resource knowledge as this will improve the information for decision 
making and also improve information access to dependent communities (Bay of 
Plenty Regional Council, 2010; Hawkes Bay Regional Council, 2011)  
Policies instituted such as the National Policy Statement (NPS) for freshwater 
management have been utilized by regional councils since 2011 to aid the livestock industry 
drive national consistency in local resource management planning and decision-making, 
while allowing for an appropriate level of regional and industry flexibility (Abell et al., 2011; 
Ministry for the Environment, 2011). Such policies have helped support freshwater 
management in New Zealand at the regional and industry level. A noted finding of the NPS 
for freshwater management is that the regional councils are required to work with iwi (largest 
social unit in Maori culture – people, nation) and hapū (subtribe or clan) (Ministry for the 
Environment, 2011). Through collaboration with these units, regional councils are to identify 




reflect these in the management of, and decision-making regarding freshwater even at the 
catchment level through the involvement of the councils (Hughey, 2011; Memon & Kirk, 
2012). 
2.6.2 Industry program responses  
The agricultural industry has also been active in its response to the challenges of 
water management  (Synge et al., 2013; Williams et al., 2014). A review of the literature 
suggests that all the dominant agribusiness sectors in New Zealand, including horticulture 
and pastoral industries, have programs developed to improve the impact of their sectors on 
water resources (Davis & Threlfall, 2006; MacDonald, Connor, & Morrison, 2004). These 
programs are backed by the government, regional councils and catchment groups through 
resource collaboration (Ministry for Primary Industries, 2013; Ministry for the Environment, 
2010c). Within the pastoral agriculture industry, the government, through the regional 
councils, works with industry groups such as cooperatives, crown institutions and research 
bodies to improve industry response to the water challenge through programs such as the 
Dairying and Clean Streams Accord, the Sustainable dairying program and the land and 
environment plan programs (Holland, 2015; Ministry for the Environment, 2011).  
Industry response programs such as the Dairying and Clean Streams Accord (Ministry 
for Primary Industries, 2013) are designed and being consistently updated to be in line with 
government policies and programs such as the National Policy Statement for Freshwater and 
Fresh Start for Fresh Water (McNeill, 2016; Ministry for the Environment, 2011, 2012a). 
The Dairying and Clean Streams Accord has been put in place to ensure that all relevant 
stakeholders in Fonterra’s product supply chains are contributing to operating in ways that 
protect waterways, improve effluent compliance with set regional standards, and improve 
nutrient management to help decrease the loss of nutrients through leaching and run-off. Such 
initiatives provide evidence of industry commitment to supporting water initiatives aimed at 
dealing with the growing challenge of ensuring that water resources are in good health.  
These are but a few of the government and industry regulatory, policy and program 
responses that illustrate the efforts being put in place in New Zealand (Cullen et al., 2005; 
Williams et al., 2014). Although these approaches might not always end up achieving the set 
objectives, the literature review shows that responses are existent and these are driven by the 
input of not just one group, but by collaborative efforts between the government, regional 




2.6.3 Farm-level program responses 
The literature review suggests that there is generally more focus on dealing with 
issues of management of water quality than on water use efficiency at the farm level in New 
Zealand (Duncan, 2014; Jay, 2007). This focus seems to be driven by the prevailing 
institutional (regulatory) environment, which is a response to stakeholder pressure (Clark et 
al., 2007; Duncan, 2016). The underlying reason for some of these pressures, as supported by 
the literature, is that over 30% of groundwater sites and over 40% of lakes have nutrient 
levels above the natural levels and that these changes are being attributed largely to farming 
practices (Ballantine & Davies-Colley, 2014; Larned et al., 2016).  
Reviewing programs such as the Land and Environment Plan and the Sustainable 
Milk Plans developed by the crown research institutes has led to the conclusion that the 
design of these programs is driven by the institutional environment responding to both 
political and industry pressures (McKergow, Matheson, & Quinn, 2016; Scarsbrook & 
Melland, 2015). They are designed to include consideration of feasibility within the 
operational constraints faced by farmers (including technical practices and financial 
constraints) (Jay, 2007; Williams et al., 2014). New Zealand farmers are influenced by the 
water use standards and benchmarks of local and international organisations such as 
Australian and New Zealand Environment Conservation Council (ANZECC) and the 
International Standardisation Organisation (ISO) (Marsh, 2012). These include ensuring the 
protection of water resources from a water quality impact perspective in the form of 
indicators such as eutrophication and acidification and a water quantity perspective in the 
form of indicators such as litres of water used per unit of farm produce (Herath et al., 2013; 
Zonderland-Thomassen & Ledgard, 2012).  
Farm-level programs have been directed at limits to nutrient losses to water and 
improving water use efficiency at the farm level (Kaye-Blake et al., 2014; Robson et al., 
2012). The programs consider different farm environments across the nation in the sense that, 
in some regions, the rules and limits are the same regardless of the enterprises (and may 
relate to the capacity of a particular soil type to manage nutrients), while in other regions 
(such as Canterbury), the limits differ by enterprises, or even by historical use (Robson et al., 
2012; Snelder et al., 2013). A common theme noted is that regional council policies come 
with compliance recommendations and guidance on how certain technical farm environment 




farmers stay below set limits (Jay, 2007; Williams et al., 2014). These practices encouraged 
are noted to have become industry norm compliance practices. Most of the programs push 
directly for the adoption of practices on farms such as nutrient management to reduce the 
impact on water resources and certain infrastructural developments (MFE, 2011; Robson et 
al., 2012). Going beyond compliance will mean taking the next step and implementing a non-
widely practised industry compliant approach.  
The conclusion from the review is that, although farm level program responses 
consider both issues of water quality and water use (quantity), what happens at the farm level 
in terms of capability development through resource bundling is largely influenced by the 
policy directions of the local authorities (Herzfeld & Jongeneel, 2012; Jay, 2007). If the local 
authorities are driving policies aimed at limiting uptake, farms focus their capability 
development on issues of consent for water use.  If the local authorities are focusing on 
nutrient challenges, farmers are driven to manage nutrients escaping their farming properties 
into waterways. In understanding this, the research concludes that this has led to the 
proliferation of practices which are considered the norm in a regime where water resource 
health is crucial for farming. 
Figure 3 shows scales of water management in New Zealand and related significant 
laws, policies and programs. The diagram presents an overview of the scale levels of water 
management regulations and programs concerning the livestock agribusiness sector. As 
emphasised in section 2.6 of the literature review, water is managed at the national levels 
through key regulatory instruments such as the RMA, the Local Government Act 2002 etc. 
Below the national level, regional water management involves regions developing 
regulations, requirements and plans backed by national-level instruments to ensure good 
management of water within their geographical boundaries. Within the regions, there are 
catchments, and this has led to catchment level planning. At the catchment level, instruments 
such as catchment management plans are developed to guide businesses including livestock 
operations in their operations. Below the catchment level are the farm-scale programs 
designed to focus on improving water management specific to types of farm operations. 
These plans are backed by requirements in the national regulatory instruments, the regional 






Figure 3 Scales of water management in New Zealand and related significant laws, 
policies and programs. 
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This chapter is a continuation of the literature review. The chapter delves into the 
critical aspects of the study by focusing on the literature on organizational management and 
the natural environment. This review considers and discusses relevant literature relating to 
water footprint management, agribusinesses organizations, resource use and the impact of 
water footprint management on the performance of various organizations including those in 
the agribusiness industry.  
Section 3.7 presents a literature review about agribusinesses and resources from a 
resource-based view. The following sections will critically discuss arguments and issues in 
the literature that concern institutions, resource use and performance. The issue of regulations 
and other influences is looked in the form of institutional pressures driving farmers and their 
farms to enhance water footprint management performance through several practices. In 
consideration, the influence of the institutional environment, the institutional theory is 
discussed with the natural resource-based view (NRBV) theory. The NRBV, the major theory 
supporting this scholarly work considers the environmental constraints that are presented to 
organizations. This major theory provides an appropriate lens to view and relate the literature 
to the livestock industry with regards to water footprint management.  
At the end of the chapter, a visual representation of the theoretical model through 
which the study is approached with a focus on the context in terms of livestock farming 
industry and water footprint management is presented. 
3.2 Agribusiness and resources: A resource-based view perspective 
The RBV research in agribusiness has been seen in various aspects of agribusiness 
research including human resource (Ibeh, 2005; Mugera, 2012), Strategic decision making 
(Boehlje, Roucan-Kane, & Bröring, 2011; Mugera, 2012), innovation (Boehlje et al., 2011) 
and farm performance (Rantamäki-Lahtinen, 2009; Shadbolt, 2012). A literature review 
shows a field of study that has to be improved with case studies relating to natural 
environmental changes on farms and how the RBV approach can be utilised to 
simultaneously improve the impact of farms on these natural `resources as well as achieve the 
performance goals of farmers/farms. Earlier use of the RBV theory focused on the 
investigation of how basic resources could be transformed into core competencies leading on 




resources from an agribusiness perspective include farm labour, machinery and equipment 
(Grande et al., 2011). Human skills from the studies noted (Doherty, 2011; Grande et al., 
2011) is an important resource that can tie all other resources together to achieve superior 
productivity. This point is also best emphasised by Becker et al., 2001 who state that an 
organisation that keeps its skills and knowledge through its personnel will be back in business 
even if it loses its machinery and equipment (Becker, Huselid, Huselid, & Ulrich, 2001). This 
is an aspect of the resource-based view that is under study by this research in relation to 
livestock agribusiness operations in New Zealand.  
Other agribusiness related studies utilizing the resource-based view have also focused 
on capabilities that may lead to improved farm performance (Carraresi, Mamaqi, Albisu, & 
Banterle, 2016; Wilk & Fensterseifer, 2003). These capabilities include innovation, 
marketing, information seeking and networking (Carraresi et al., 2016; Sachitra & Chong, 
2017). The scant literature on these capabilities concludes that basic resources such as labour, 
human resources and technology contribute towards building innovation capabilities. The 
literature also shows similar resource components are used in building marketing and 
networking capabilities as well as information seeking capabilities (Wilk and Fensterseifer, 
2003). From these works studied, the human resource component may be central to achieving 
productivity or improved farm performance from a resource use perspective. This is however 
inconclusive and this research focusing on water footprint management from a resource use 
perspective will aim to understand the impact of resources including human resources on 
helping farms improve their performances whilst also achieving lower water footprints from 
the managers perspective. 
3.3 The Resource-Based View  
Resources such as plants,  equipment, labour and business processes may be central to 
businesses achieving their performance objectives and goals (Hubbard, 2009; Kur & 
Rothenberg, 2008). The previous section emphasizes this. A major assumption relating to the 
RBV theory is that resource combinations underlying business operations are heterogeneous 
across the business unit or the whole business (Barney, 1991; Wernerfelt, 1984). Another 
view is that businesses endowed with a collection of superior resources may be able to meet 
their key performance indicators including profits. These two viewpoints to the conclusion 





Work on the resource-based view theory (Barney, 2001; Newbert, 2008) posits that 
resources that lead to improved business performance and competitive advantage must pass 
the test of: 
• Inimitability (very hard to copy) 
• Durability (how quickly the resource will depreciate) 
• Appropriability (who captures the value that the resource creates – customers, 
distributors, suppliers, employees etc.) 
• Substitutability (can the unique resource be trumped by a different resource) 
Competitive superiority (whose resource is better when compared to that of 
competitors)  
The RBV is an integral aspect of the strategic management literature that has used it 
to relate to how businesses achieve success through resource-oriented decision-making in 
their operations (Finney, Campbell, & Powell, 2005; Galbreath, 2004). The RBV lends itself 
to understanding business performance by providing a view that links the processes and 
routines as well as rules in a business to the success or failure of the business. The RBV 
identifies the effect of resources in business outcomes (Combs & Ketchen  David J, 1999; 
Newbert, 2007). In this research, the outcome is effective water footprint management 
through various resource-intensive processes that have won these farmers awards for being 
exemplars.  Galbreath’s work (Galbreath, 2004) is one example involving the sampling of 56 
managers from some Australian manufacturing and service firms concluded that firm success 
was related to the difficult nature in duplication of firm resources possessed and how the firm 
bundled the resource.  
The Resource-based view application to the agricultural industry in terms of empirical 
research as mentioned in the previous section has been limited to a few studies (de Oliveira 
Wilk & Evaldo Fensterseifer, 2003; Orr, 2009). In all these, conclusions show that 
capabilities may be built on bundling resources in unique resource configurations and these 
may lead to achieving improved performance including competitive advantage. In one of 
these significant empirical studies from an agricultural-related industry that investigated wine 
producers in Brazil, it was concluded that farmer/wine producer clusters leveraged resources 
through unique processes to create capabilities which led to competitive advantages. In the 
same study, key resources were identified, and these were knowledge, technology, 




ensure the continued competitive advantage of the cluster performance in terms of 
competitive advantage included organisational learning and expertise development, long-term 
investments in technology and staff (de Oliveira Wilk & Evaldo Fensterseifer, 2003). These 
findings suggest that some key resources are required to establish a competitive position and 
some of these resources may be required to maintain the advantage. Another agricultural-
related study by Orr that focused on the Australian floral industry suggested that one resource 
(geographical location) in that instance was key in ensuring that any capabilities created were 
improving on the performance indicators of product quality, production capacity, production 
reliability and customer convenience (Orr, 2009). These examples illustrate possibilities 
associated with linking resource use to outcomes such as business performance. Within the 
livestock production industry, a gap exists for the use of resource-based view driven theory 
applied to understand how livestock farms deal with improving water resources from a 
resource and capability development perspective. This is a gap also pointed out by Barney 
(2001). 
Organisations adapt their resource bundles when they are confronted with 
unfavourable external and internal factors(Finney et al., 2005; Newbert, 2008). When these 
organisations adapt, some of them end up innovating as a form of developing adaptation 
mechanisms through effective resource bundles which are geared towards meeting their 
objectives(Huang, Chou, & Lee, 2010; Pagell & Gobeli, 2009). With farm businesses, which 
are reliant on natural resources for their survival, changes in regulations and consumer trends 
to prevent negative scenarios such as the one described in the tragedy of the commons 
presents opportunities to utilise and/or develop resources in ways to improve farm 
performance.  
3.3.1 Dynamic Capability  
Capabilities involve routines and behaviours driven by tacit knowledge and leading on 
to achieving objectives (Ambrosini & Bowman, 2009; Winter, 2003). Dynamic capabilities 
as is known in the organisational management literature is impacted by changes(Teece & 
Gary, 1998; Wu, He, Duan, & O’Regan, 2012). The dynamic capability theory is cited as an 
extension of the resource-based theory which takes into account the ability of firms to 
develop and bundle resources uniquely to build capabilities in response to changing business 
environment (Teece & Gary, 1998; Wu et al., 2012). The dynamic capability theory takes 




(M. a. Hitt, 1998; Hoskisson, Hitt, Wan, & Yiu, 1999; Teece & Gary, 1998) as well as the 
dynamic nature of the firm’s operating environment. The dynamic nature of the 
organisational environment leads to the accumulation of new resources and capabilities 
which may lead to outcomes for business strategies (Harrison et al., 2001; Nonaka, 2007). In 
the case of this research, the acknowledgement of the changing environment with rules and 
regulations around water management with livestock farming may lead to the development of 
capabilities and innovations. Farm operations may be impacted to alter their resource bundle 
routines and behaviours leading to the development of unique configurations which may 
confer exemplary results in comparison to other farming operations.   
Dynamic capabilities involve long term commitment to specialised resources (Winter, 
2003) and may lead to higher costs in cases where the is a need for detailed patterning of the 
activities involved in the unique resource bundle being created(Goldstein, 2002; Winter, 
2003). The cost factor may become a barrier to some organisations that may look to replicate 
capabilities created by organisations which are reflecting changes in the capabilities as a 
result of changes in the environment in which they operate. Costs associated with resources 
and capability development is a concern noted in the livestock farming industry (Buckley & 
Carney, 2013; Knox et al., 2012) and has been identified as a barrier to developing resources 
and bundling them to improve the impact of farming operations on the environment whilst 
also enhancing business performance.  
Dynamic capabilities may sometimes be advantageous if it leads to improved rent and 
may not be advantageous if businesses pursuing similar dynamic capabilities ensure that the 
rent achievable is minimal (Ambrosini, Bowman, & Collier, 2009; Drnevich & Kriauciunas, 
2011). The dynamic capability theory is considered an important component of the literature 
on resources and adaptation to changing business environment. This makes it a body of 
literature to consider when businesses deal with changes in their use of natural resources 
because of external pressures and these changes necessitate the development of strategic 
capabilities or combination of resources in different ways in order sustain performance from 
the perspective of the farmer.  
3.3.2 Water Footprint Management from an RBV perspective 
Water footprint management in the context of this research involves the impact of 
activities on water resources being identified and efforts made to improve it. The practice of 




An example includes metering which is a physical resource as well as a technical resource 
used in establishing baseline scenarios for comparison of water footprint 
improvements(International Federation of Agricultural Producers, 2005). Studies in New 
Zealand identified (Clark et al., 2007; Fairweather & Campbell, 2003) mention labour, 
technology and infrastructure as valuable resources used to improve the current state of water 
uptake and quality. In the agricultural industry, although these resources may exhibit the 
characteristics that may lead to competitive advantage, the processes through which these 
resources are bundled to improve water footprint management is yet to be explicitly 
addressed to enhance knowledge and practice from a strategic management perspective. 
Knowledge about current practices in water footprint management and what measures can be 
put in to improve water footprint is an important step in the lead up to resource identification, 
development and utilisation. The collaboration between various actors in the agricultural 
industry is also important to ensure that water footprint management measures yield more 
than environmental benefits for the industry ((Lennox et al., 2011).  
An important feature of this present work is that the focus is on the individual farmers 
as managers of their farms. It does not take a catchment-wide view, although the impact will 
be expected to be that wide. Rather the focus is on what managers do on their farms. Water 
footprint management in business may involve practices which are underpinned by resource 
bundling. The resource bundles may be of heterogeneous nature of in comparison to other 
firms also undertaking water footprint management. Effective water footprint management 
may be a result of superior resource bundle and processes targeting the improvement of water 
quality and water quantity in business.  
Livestock farming businesses which achieve effective and improved water footprint 
management may be repositories of resources or practices which may have passed the test of 
value, rarity, inimitability and non-substitutability (characteristics that may lead to 
competitive advantage). Although competitive advantage may be developed by individual 
farming operations based on the superior and unique resource bundles, there are 
circumstances such as the New Zealand context where the industry encourages farm 
businesses to learn from exemplar farms – evidence of this is, awards being given to 
exceptional farming operations for the positive impact on natural environment issues like 




Water footprint management involves businesses bundling resources through 
processes, rules and routines to improve their impact on water quality and quantity (Aldaya & 
Hoekstra, 2010; Ene & Teodosiu, 2009). This may lead to developing unique resource 
combinations which form the basis for unique capability development. For instance, there is 
considerable knowledge to be acquired (and developed) during the development of water 
footprint management scenarios and putting in place practices to improve the scenario. 
Resource bundling with human resource as a central component has been determined to be 
critical for business performance (Galbreath, 2004; Ray, Barney, & Muhanna, 2004). 
Galbreath’s (2004) conclusion was drawn from a survey of 2000 Australian manufacturing 
and service businesses whilst Ray and his colleagues drew their conclusion from surveying 
800 insurance companies.  
In the context of this research, livestock farm performance is a result of the bundling 
of resources (physical resources such as tractors, human resources such as labour and 
knowledge etc.) through farm business processes  (Wilk & Fensterseifer, 2003). This is also 
known as capability development to improve farm performance. Although different farms 
might have similar resources, they may not be the same, or the resources available could be 
bundled in different ways. This emphasises the heterogenous characteristic associated with 
firm capability that RBV espouses. This means that resources (acquired or developed) and 
associated with practices such as water footprint management can potentially contribute to 
improved performance for one business and negatively affect the performance of another 
business depending on how the resources are bundled through the direction of the human 
resource component (farm manager).  
Similar concepts such as carbon footprint management have been documented to 
improve business performance from an RBV perspective (Michalisin & Stinchfield, 2010; 
Yang, Hong, & Modi, 2011). What is notable from these studies is the heterogeneous nature 
of the resources bundled to improve carbon footprint management. Resource bundles that are 
noted include synergistic combinations of lean manufacturing (using machines and 
technologies that reduce emissions and material use) and environmental management (life 
cycle management and carbon footprint management protocols), which contribute to dealing 
with resource constraint and improving business performance (Yang et al., 2011).  
Water footprint management may increase a firm’s ability to operate efficiently and 




performance (financial and non-financial) by helping the firm appropriate value that may be 
linked to natural resources such as water (Esty & Winston, 2006; Finster & Hernke, 2014). 
Water is central to livestock farming operations and acts as a core raw material in the 
production of the final farm product. Thus, it is necessary to improve the performance value-
creation potential of this natural resource through effective resource management. 
The next section focuses on the natural resource-based view (NRBV), an extension of 
the resource-based view (Hart & Dowell, 2011; Salvadó et al., 2012). The NRBV is 
developed to account for the influence of the natural environment on resources that are 
utilised by the livestock agribusiness operation to improve their production system.  
3.4 The Natural Resource-Based View 
Businesses manage natural resources primarily by leveraging them with other 
resources, to achieve their business aims and objectives (Sirmon et al., 2007; Zoogah, Peng, 
& Woldu, 2015). For example, Barney points out the importance of businesses leveraging on 
a skilled manager’s distinct competence even when the business lacks other resources it 
needs to perform well (Barney & Arikan, 2001). Through leveraging resources, businesses 
may end up either contributing negatively or positively to the natural environment. A positive 
contribution results in outcomes such as the sustainable use and preservation of the natural 
resource (Christmann, 2000; Stankey, Clark, & Bormann, 2005). A negative contribution 
results in outcomes such as environmental depletion (Azhar, 1989; Scanlon et al., 2007). 
Natural resource and the natural environment present themselves as an enigma for 
businesses including livestock agribusinesses. The points made earlier with the management 
of water and how approaches with consideration of natural resource can create benefits as 
well as challenges for organisations position this research to delve deeply into the 
organisational management literature regarding the influence of the natural environment on 
organisations. The NRBV presents itself as an appropriate theory to consider in terms of its 
robustness to theoretical grounding and contribution to an aspect of resource study under the 
organisational management literature.  
RBV researchers have been able to take into account the challenges and opportunities 
offered by the natural environment and natural resources by extending the RBV to account 
for the natural environment (Hart, 1995; Wernerfelt, 1984). Researchers have used the NRBV 




championed this theory emphasise that external actors, including the changes in the natural 
environment, can be drivers of business performance. Thus, for this study, explicit external 
factors impacting decisions of farm business will be noted as a driver and any inherent 
impacting factor coming from within the farm business will be considered explicitly as an 
influence. The NRBV fills this void in management theory (constraints imposed by the 
natural environment) which the RBV did not address: it achieves this by advocating for a 
study of the firm’s performance and competitive advantages of businesses based on the firm’s 
relationship to the natural environment (Hart & Dowell, 2011; Meadows, Meadows, Randers, 
Green, & Company, 2008). Thus, the NRBV aims to find solutions to the environmental 
challenges presented to firms (Hart & Dowell, 2011; Michalisin & Stinchfield, 2010).  
The NRBV propositions that firms exist as part of the environment. Firms are active 
actors who influence the environment in which they operate and directly or indirectly impact 
on how the environment impacts them in their operations. For agricultural operations which 
are embedded into the environment as a result of their dependence on natural resource use, 
the impact on the environment has led to regulations and various pressures impacting their 
operations (Menguc, Auh, & Ozanne, 2010; Wijesooriya, Xu, & Green, 2011).  
The internal resources of organisations including their resource bundles and processes 
influence the external environment in terms of impacts such as degradation of natural 
resources and the natural environment. The influence on the external environment from the 
internal resources in the case of natural resource-intensive organisations such as agriculture is 
reflected in policy and compliance practices guiding operations in industries. This point 
suggests that organisations interacting with their external environment can potentially lead to 
changes in business performance and in some cases lead to competitive advantage (Bansal & 
Roth, 2000; Esty & Winston, 2006).  
The NRBV in terms of considering the external environment influences on internal 
resource use and vice versa presents an opportunity for researchers and organisations to 
understand and implement practices leading into continuous improvements in processes, rules 
and routines. This also presents an opportunity to consider stakeholder concerns and other 
disruptive changes in the business operating environment.  
Three key strategic capabilities are identified under the NRBV: sustainable 




Sustainable development comprises clean technology and forms the base of a pyramid 
(Hart & Dowell, 2011). It focuses on a firm’s strategies that seek to not only cause less 
environmental damage, but also to produce in a manner that can be sustained indefinitely into 
the future (Hart & Dowell, 2011; Salvadó, de Castro, López, & Verde, 2010). Such strategies 
consider not only the environment but also the social and economic dimensions of the 
challenge presented. For firms implementing sustainable development strategies, the 
management and framing of environmental issues are crucial to an organisation’s ability to 
implement proactive strategies to reduce the environmental impacts of an organisations 
operations as well as increase the economic benefits for the populace impacted by the firm’s 
activities(Hart & Dowell, 2011).  
Not much empirical work has been done relating sustainable development strategies 
to farm performance (Hart and Dowell, 2011). The lack of work focused on this strategy has 
been related to clarity regarding the definition of sustainable development in the context of 
businesses and the hesitance from scholars to create constructs to test the sustainable 
development strategies from an NRBV perspective (Hart & Dowell, 2011; Hart & Milstein, 
2003). Sustainable development strategy within the NRBV literature has evolved into two 
aspects – Clean technology and Base of Pyramid (Masoumik, Abdul-Rashid, & Udoncy 
Olugu, 2014; Tate & Bals, 2016). Clean technology relates to how organisations develop new 
capabilities to enhance their competitive advantage whilst base of the pyramid focuses on the 
use of resources by organisations to alleviate poverty whilst also reducing their 
environmental burden (Hart & Dowell, 2011).  
 Pollution prevention capabilities seek to prevent waste and emissions rather than 
cleaning them up at “end of pipe” (Fowler & Hope, 2007; Maas, Schuster, & Hartmann, 
2014). Examples include utilizing resources to reduce pollutants from the production process, 
which may increase efficiency by reducing the inputs required, simplifying the process and 
reducing compliance and liability costs. Application of the NRBV to empirical research has 
focused largely on pollution prevention cases (Hart & Dowell, 2011) with less research on 
sustainable development or product stewardship studies.  
Pollution prevention is about continuous improvement methods which may mean 
continuous development of a firm’s specific resource bundle and alterations to organisational 
processes and routines linked to pollution prevention capabilities (Hart & Dowell, 2011). 




Correa & Sharma, 2003; Hart, 1995); that is, it is heavily reliant on human-related resources -
knowledge, experience and learning etc. being central to all decision making on practices. 
Indeed, concepts such as carbon footprint management and water footprint management lead 
to capability development responses to improving the environment in response to institutional 
pressures (Chico, Salmoral, Llamas, & Aldaya, 2010; Hess, 2009). Pollution prevention 
creates the potential for increased farm performance by taking into account water footprint 
management concerns of farmers, industry players including research investors and institutes, 
and policymakers and incorporating these concerns towards creating capabilities  (Fowler & 
Hope, 2007; Michalisin & Stinchfield, 2010). 
Empirical work has concluded that pollution prevention strategies are embedded in 
routines and processes that are aimed at reducing costs of operations to improve the business 
performance or gaining competitive advantage (Dangelico & Pontrandolfo, 2015; Galeazzo, 
Furlan, & Vinelli, 2014). Examples from manufacturing facilities of multinational firms are 
investigated and conclusions are drawn to support the point made relating pollution 
prevention to business performance (Galeazzo, Furlan, & Vinelli, 2013). What this may mean 
for the livestock industry is that there is potential for improved business performance from 
pollution prevention capabilities. Based on this assertion, what lessons can we learn from 
exemplar farmers in terms of pollution prevention resource bundles that lead to improved 
business performance in farming operations? Hart and Dowell (2011) propositions that 
organisational capabilities and managerial cognition or framing are major contributors to 
pollution prevention strategies leading to improved business performance. This research will 
seek to use the empirical data to either support these findings or generate additional crucial 
findings.  
Product stewardship expands the scope of the pollution prevention capability to 
include the entire value chain and life cycle of the firm’s product system (Hart & Dowell, 
2011; Menguc & Ozanne, 2005). In the case of the farm managers/farmers who this research 
focuses on, the scope of the study is on what happens on the farm concerning water footprint 
management and does not extend past the farmgate. This makes product stewardship 
capability less relevant for consideration. 
A common theme in the literature on the NRBV is the opinion that in coming years, 
businesses will have to change their capabilities and resource bundles (Menguc & Ozanne, 




is rooted in a set of emerging capabilities driven by the effective use of resources (Galeazzo 
et al., 2014; Golicic & Smith, 2013). This notion about the potential gains from effective use 
of resources opens an interesting area to focus on with regards to providing an understanding 
of how effective resource use can impact business performance. 
At the farm level in New Zealand, it is observed and noted from documents that many 
of the water footprint management practices are geared towards minimizing emissions, 
effluent and waste through various pollution control mechanisms and technologies, lead to 
improving on compliance and liability costs and redesigning farm activities. This is 
consistent with the characteristics of pollution prevention strategies under the NRBV 
(Manderson et al., 2007; Monaghan et al., 2007). Thus, the reason to focus on this strategy 
under the NRBV. To gain relevant knowledge about livestock farmers within the current 
regulatory regime around water, the research in this thesis focuses on the business as usual 
scenario with water footprint management practices at the farm level. Thus, the research in its 
focus on water footprint management at the farm level seeks to contribute mainly to the 
literature on pollution prevention which is typical as compared to the other strategic 
approaches mentioned by Hart and Dowell (2011).  
3.5 Bundling resources 
Throughout the literature that focuses on the RBV and the NRBV, resources including 
those utilized on livestock farms are consistently expressed as isolated entities that can be 
developed, bundled effectively and utilized together with other resources to build capabilities 
(Michalisin & Stinchfield, 2010; Sirmon et al., 2007).  Resources that contribute to the 
overall performance of businesses through a firm’s capabilities are termed valuable resources 
(Haden et al., 2009; Newbert, 2008).  Other attributes of these valuable resources include 
being rare, and inimitable and organized (VRIO) (Barney et al., 2001; Newbert, 2008). For 
such resources to contribute to farm performance, questions should be asked about whether 
the farm business can exploit the opportunity that the resource offers (valuable), whether the 
resource that is in the hands of the farmer is scarce, whether it is difficult to duplicate and 
whether the farming operation is organized enough to exploit the resource to gain maximum 
value from it through farm-specific capabilities (Barney, 1991; Peteraf, 1993).  
These attributes of resources in isolation are repeatedly mentioned in the discourse on 




Jegak, Haslinda, & Alimin, 2009). This is especially the case in organisational management 
literature on agriculture (Price & Leviston, 2014; Zoogah et al., 2015). However, having 
these attributes is not enough to improve performance and sustain it (Eisenhardt & Martin, 
2000; Hertog, Aa, & Jong, 2010). Resources must be bundled to create capabilities to achieve 
the aims and goals of an organization (Finney et al., 2005; Sirmon et al., 2007). Numerous 
studies make this point (Collis & Montgomery, 1995; Harrison et al., 2001). For example, the 
study by Greene, Brush, & Brown (2015) uses empirical data of 410 small businesses to 
show that effective resource combination is critical to achieving business aims and 
objectives.  
 The VRIO attributes of key resources that contribute to a firm’s performance are 
discussed often in the literature in isolation (Newbert, 2007). Combining resources to achieve 
performance is a pluralistic view of the importance of resources which has not been fully 
explored in the literature about organisational management and agriculture. Even though this 
is a critical component of achieving business performance success from the RBV and NRBV 
perspective, few studies have explored the bundling of resources in this study context to 
potentially improve farm performance. Thus, this presents itself as a unique area to focus on 
especially when constraints being presented to farming operations are constantly evolving.  
It is noted that in the studies that focus on resource combinations, knowledge-based 
resources are mentioned as crucial to bind all other resources together and create coherent 
business improvements whilst considering the changing environment. Knowledge-based 
resources are noted as important to build capabilities based on the resources available 
(Barney & Arikan, 2001). These resources include tangible and intangible resources 
(Wernerfelt, 1984).  
Resource bundling (combination) is reliant on knowing in the first place about what 
resources are available to the business and what constraints impact the resources being used 
to create capabilities. This is critical for capability development studies. What drives the 
bundling process is tacit and this is embedded in human resource (Carpenter, Sanders, & 
Gregersen, 2001a). This also suggests that combining resources is partly dependent on 
manager experience and knowledge (Carpenter et al., 2001a; Holcomb, Holmes Jr, & 
Connelly, 2009). These perceived findings have not been explored in detail in the literature 
and thus, the research will seek to investigate further utilizing data from agribusinesses in a 




3.5.1 Tacit resources involved in combining resources 
Tacit resources which are intangible are crucial to management decision making 
(Cyert & March, 1963; Schwenk, 1995). Decision-making using tacit resource is based on the 
information that the manager possesses and the goals of both the manager and the 
organisation (O’Reilly III, 1982; Schwenk, 1995). Concerning developing capabilities, the 
influence of tacit resources on organisational practices and processes have been well 
documented in the organisational management literature.  Similarly, the influences of tacit 
resource on farmer behaviour concerning resource bundling decisions on practices and 
processes on their farms have also been well-documented especially in recent times 
(Defrancesco, Gatto, Runge, & Trestini, 2008; R. T. Watson, Corbett, Boudreau, & Webster, 
2012).  
Previous tacit resource research on farmers and manager behaviour regarding 
processes and practices investigated whether resources such as knowledge and experience 
were crucial components of capabilities needed to achieve organisational performance 
(Grande, Madsen, & Borch, 2011; Ingram, 2008; Pathirage, Amaratunga, & Haigh, 2007). In 
one study, it is concluded that in labour and knowledge-intensive industries such as 
construction and farming, valuable human and knowledge resources may be wasted if 
organisations do not make use of these “prime” resources (Pathirage et al., 2007). The 
importance of tacit resources in the form of technological learning is emphasised as being key 
to helping firms develop resources and processes as well as exploit capabilities to improve 
their performance in another study (M. A. Hitt, Ireland, & Lee, 2000). These points made 
regarding the influence of tacit resources such as expertise and experience emphasise why it 
may be important to consider exemplary/award-winning farmers who may be utilising their 
experiences and other forms of tacit resources to develop and exploit water footprint 
management processes and practices to improve farm performance.  
Tacit resource impact on-farm/firm performance emphasise the positive contribution 
of knowledge, experience and learning (Parminter & Perkins, 1997; Sulemana & James Jr., 
2014). Thus, it is important to understand from the context of livestock farming operations in 
this research, how tacit resources like knowledge and experience inform farmer decision 
making on resource use to build capabilities and achieve farm performance goals (Parminter 
& Perkins, 1997; Sulemana & James Jr., 2014). Knowledge, experience and learning impact 




‘cleaner’ farming methods (Ondersteijn, Giesen, & Huirne, 2003; Schoon & Te Grotenhuis, 
2000). These newer ‘cleaner’ farming methods include improving practices and processes to 
reduce the impact of livestock farming on water resources.  
Investigations as to how the tacit resources utilised by farmers and farm managers 
influences decision-making in water footprint management in agribusinesses have not been 
explored in organisational management literature. However, several studies have attempted to 
synthesise tacit influences into goals that shape the adoption and rejection of processes and 
practices that aim to improve a business’s impact on environmental challenges such as 
climate change and land degradation (Defrancesco et al., 2008; Selbie et al., 2013). These 
goals have been typified into hedonic, gain and normative goals (Sulemana & James Jr., 
2014; Vlek & Steg, 2007). Studies that mention these goals as tacit influences emphasise that 
potential financial rewards and other driver incentives are very important in directing farmer 
use of resources including knowledge, experience and technological learning to guide their 
development of practices and processes used on farms (Gbetibouo, 2009; Wheeler, Zuo, & 
Bjornlund, 2013).  
3.5.2 Gain, Hedonic and Normative Goals 
Farmer behaviour towards natural environment management practices is influenced 
by beliefs about potential outcomes (Fielding, McDonald, & Louis, 2008; Oreg & Katz-
Gerro, 2006). These drivers include potential financial, social and economic outcomes (Steg, 
Bolderdijk, Keizer, & Perlaviciute, 2014; Sulemana & James Jr., 2014).  
These tacit driver goals guiding pro-environmental behaviour among managers 
including farmers identified by Lindenberg & Steg (2007) relate to the farmer seeking a good 
feeling about how they are contributing to making the environment better for themselves and 
everyone else) through their capability development approach. Farmer behaviour may also 
relate to putting in place practices and processes for the primary purpose of status or money 
(gain goals) or undertaking resource bundling practices to achieve goals due to being 
influenced by the appropriateness of the action that is being put in place and the inclination 
towards being recognised as contributing to the overall actions of the industry (normative 
goals).  
Gain, Hedonic and Normative goals originate from the Goal framing theory. Different 




framing theory can help to better understand environmental behaviour with regards to 
practices and processes developed by livestock farmers to manage their water footprint. 
Goals “frames” the way people process information and act upon it. Studies show the role 
these goals play in environmental management through the presentation of cases on how 
managers process external pressure information and utilise the pressures as drivers to 
improve business performances. Using data from four different studies, the conclusion is 
drawn that hedonic values are significantly and mostly negatively related to pro-
environmental practices attitudes, preferences and behaviours (Steg, Perlaviciute, Van der 
Werff, & Lurvink, 2014).  
A survey led research has looked at comparisons of pro-environmental behaviour in a 
hotel and household settings (Miao & Wei, 2013) and how energy efficiency diffuses in 
society respectively (Bariss, Dandens, Timma, Blumberga, & Blumberga, 2015). There are 
behavioural inconsistencies in the two settings: participants showed a higher level of pro-
environmental behaviour in a household setting, but their response was different in the hotel 
setting. That is, a normative inclination was strong in a household setting, but a hedonic 
inclination was higher in a hotel setting. In the paper by Bariss et al (2015), there was no 
clearly dominant goal identified in the goal frame, but the normative motivation was slightly 
more dominant. However, these studies do not mention how these inclinations influence the 
resources they use to put into practice their pro-environmental practices.  
The three identified goals related to farmer behaviour towards practices they put in 
place for farm and natural resource management are also observed in typology studies 
(Guillem, Barnes, Rounsevell, & Renwick, 2012; Michel-Guillou & Moser, 2006). These 
studies seek to categorise farmers based on their environmental management practice 
behaviours with gain, hedonic and normative goals. Criticisms levelled against these 
typologies include the inability of these studies to consider every factor involved in 
understanding the complex relationships driving farmer behaviours towards pro-
environmental practices (Guillem et al., 2012; Sulemana & James Jr., 2014). Based on the 
literature review on this subject of drivers and influences of farmer behaviour towards water 
footprint improvement, it can be deduced that there is growing support for the investigation 
of the manager factor in environmental management. The application of this in water 
footprint management has the potential to inform policymakers about farmer goals or tacit 




work concerning water footprint management should also consider factors such as farmer 
behavioural attributes and drivers of resource use.  
The primacy of the manager response is a key factor that has led the motivation for 
this work to focus on the farm and the farm manager as the primary actor, albeit influenced 
by a range of external and internal factors from regulatory to non-regulatory pressures such as 
farmer and farm organisational goals.  
3.6 Organisations, Resource use and Performance 
Businesses develop or acquire resources (Holcomb et al., 2009; Sirmon et al., 2007), 
integrate them in the plans of the business (Holcomb et al., 2009; Sirmon, Hitt, Ireland, & 
Gilbert, 2011)and then exploit these resources to create capabilities (Finney et al., 2005; 
Holcomb et al., 2009) to achieve desired results in their interactions with the natural 
environment. This process of developing resources, integrating them in the plans of the 
organisation and utilizing them to achieve desired objectives may involve the proliferation of 
rules, routines and processes(Makadok, 2001; Ray et al., 2004).  
This business process has been referred to as structuring resources, bundling them and 
leveraging them to achieve set objectives (D’aveni, Dagnino, & Smith, 2010; Sirmon et al., 
2011). However, not all businesses can create the desired value from their resources through 
their organisational processes (Ray et al., 2004). 
Resources are frequently linked to business performance in organisational 
management literature (Esty & Winston, 2006; Haden et al., 2009). Businesses such as 
agribusinesses succeed or fail because of the way they develop and utilise their resources 
bearing in mind all of the constraints that businesses face (Finney, Campbell, & Powell, 
2005; Zoogah et al., 2015). A common theory identified and applied to investigate the roles 
that resources play and the impact it can have on livestock farm operations is the Resource-
Based View (RBV). The RBV of the firm (initiated by Wernerfelt (1984) and further 
developed by Barney (1986;1991)), relies on the central premise that competitive advantage 
and improved business performance are outcomes of the efficient combination of a firm’s 
resources exhibiting certain characteristics. The RBV has become an integral part of the 
organizational management literature and most importantly the strategic management 




through resource-oriented decision-making in their operations (Finney et al., 2005; Galbreath, 
2004). 
The organisational management literature was reviewed for what resources mean.   
Barney (1996; 1991) relates resources to assets and capabilities. Amit & Schoemaker (2012), 
Collis (1994) and Ray et al., (2004) mention that resources include human and organizational 
processes and that through the combination of these, capabilities are created. The most 
relevant description of resources for this body of work is that of  Barney (1991) and  Barney 
(2001) which mentions physical resources, organizational capital resources and human 
capital as the building blocks for businesses meeting their goals and objectives. Barney 
(1991;2001) also acknowledge the importance of organisational processes as significant in 
utilizing organisational resources to meet goals and objectives. For this research, resources 
also encompass all assets, organizational processes and attributes developed, controlled and 
used by the business. Resources mean tangible, intangible and human resources (Berkhout et 
al., 2006; Haden et al., 2009). Tangible resources include physical; things like infrastructure 
and equipment and financial; lines of credit including loans, grants etc. (Galbreath, 2005; 
Prahalad, Hamel, & June, 1990).  Intangible resources include all other resources without 
physical presence and this includes social resources; relationships between groups or 
individuals and intellectual resources; brands, intellectual property, manuals, patents,  (Collis 
& Montgomery, 1995; Galbreath, 2005). Human resources reference representation of people 
including their capacities and as well as their qualifications (Barney et al., 2001; Pagell & 
Gobeli, 2009). Human resources include skills and experience. These combine to lead to 
capabilities. 
Business performance has been highlighted as an important outcome that may show 
the effectiveness of management decisions on resource use (Eccles, 1991; Kur & Rothenberg, 
2008). The importance of both financial and non-financial measures of performance relating 
to resource use is acknowledged in the literature (Hubbard, 2009; C. Saunders, Kaye-blake, 
& Shadbolt, 2007). These measures may indicate progression or regression with regards to 
key resource use. However, due to the nature of complexities surrounding business operations 
and the different goals and objectives of businesses or the managers, the specific measures of 
performance used by businesses differ and are chosen based on the unique needs of the 




Different types of financial and operational (non-financial) performance measures can 
be discerned from the agribusiness and organisational management literature (Hubbard, 2009; 
C. Saunders et al., 2007). However, financial performance dominates. The nature of business 
performance as a measure of resource use and firm objectives warrant more than a grouping 
based majorly on economic (financial) gains or losses. Recent work attempts to compensate 
for the limitations of these financial measures by improving our understanding of business 
performance measures beyond economic objectives (Hubbard, 2009; Menguc & Ozanne, 
2005). Performance measures may be outlined economically (sales, growth, profit growth, 
return on equity, return on assets, etc.), socially (lost time injury frequency, reliability of 
supply, responsiveness, overall customer satisfaction, sponsorship, etc.) and environmentally 
(spillage, nitrogen discharge, wastewater reuse, etc.) (Hubbard, 2009; C. Saunders et al., 
2007). Social and environmentally related measures acknowledge the shift in business 
mentality from a focus on just economic bottom-line to a more holistic approach (see Hart, 
1995; Nidumolu et al., 2009).  
Rapidly changing business paradigms pose a challenge to businesses who are now 
tasked with developing performance measures that reflect a more holistic approach (Hart, 
1997; Kirchoff, 2011). Many businesses must be dynamic in considering appropriate 
measures such as eco-efficiency performance measures and cost efficiency measures that take 
into account the combination of resources used and the costs and benefits associated with 
these resources (Hervani, Helms, & Sarkis, 2005; Venkatraman & Ramanujam, 1986).  
The focus of the current study on the livestock farming sector presents an opportunity 
to conduct an empirical investigation into how businesses relate their water footprint 
management and resource use to farm business performance within the livestock farming 
sector.  Table 2 shows some measures of business performance as identified in organisational 





Table 2 Business performance measures related to the natural environment, as seen in management literature 






(Hubbard, 2009; Hull & Rothenberg, 2008; 
Venkatran & Ramanujam, 1986)  
Profitability (Return on 




(Hervani et al., 2005; Hull & Rothenberg, 2008; C. 
Saunders et al., 2007) 
Market share (determinant of 
profitability) 
 
✓  (Hervani et al., 2005; Hubbard, 2009; C. Saunders et al., 2007) 
New product introduction 
 
✓  (Hubbard, 2009; Hull & Rothenberg, 2008) 
Product quality 
 




✓  (Klassen & Whybark, 1999; Venkatran & Ramanujam, 1986) 
Other measures of technology 
efficiency 
 
✓  (Venkatran & Ramanujam, 1986) 
Customer satisfaction 
 




(Venkatran & Ramanujam, 1986) 
Innovation 
 




(Eccles, 1991; Gunasekaran, Patel, & Tirtiroglu, 




(Hubbard, 2009; C. Saunders et al., 2007) 
No. of new customers 
 
✓  (Hubbard, 2009) 
Product return rate 
 
✓  (Hubbard, 2009) 
Defects 
 




Order cycle time 
 
✓  (Hubbard, 2009) 
Revenue from green products 
✓  
 
(Hervani et al., 2005) 
Functional product eco-efficiency 
 





3.7 Organizations and the natural environment 
Since the release of the report “our common future” by the Brundtland (1987), there 
has been an increase in the number of academic publications on improving the environment 
regardless of the activities that depend on it (Haden et al., 2009; Hoffman & Georg, 2013). 
The organisational management literature also corroborates this and note that the concept of 
sustainability pointed out by the Brundtland report, in particular, has had a profound impact 
(Gimenez, Sierra, & Rodon, 2012; Schoenherr, 2012) on both businesses and regions.  
Businesses in pursuit of sustainability have had to be concerned about what is to be 
sustained; the natural environment (water, land etc.), society (culture, places etc.), the 
economy (ecosystem services, affordability); How long is the /resource going to be 
sustained? And how is sustaining a resource going to aid development? (which indicators are 
to be considered in understanding sustainability impacts) (NRC, 1999). These three concerns 
have been addressed by researchers and businesses in different ways to improve the clarity 
around what sustainable development means. 
On the concern of what is to be sustained? Researchers have focused on economic 
development to achieving intergenerational equity which will ultimately impact positively on 
the natural environment and societies (Anand & Sen, 2000; Costanza, 1992). An example is a 
definition proposed by Conway in 1985 concerning agribusiness which emphasises 
maintaining productivity despite major disturbances including concerns of stakeholders 
relating to the impact of agriculture on the environment. The definition points out that there 
may be trade-offs between maximizing production and maximizing sustainability(Conway, 
1985). A second example involves Sustainability being defined based on conditions that there 
will be zero population growth with consumption being reduced and more equally distributed 
(Daly & Daly, 1973). This definition by Daly and Daly (1973) points out that there is a path 
to achieving sustainability and that path may involve practices related to reduced 
consumption and equal distribution of natural resources.  
As noted in the natural environment and organisational management literature, the 
research community has presented different views on sustainable development since the 
release of the Brundtland commission’s report. There has been a shift in focusing on 




other two pillars of sustainability (economy and environment). Whilst earlier definitions from 
UNEP (Holdgate, Kassas, & White, 1982) and Dasmann (Dasmann, 1984) note that 
sustainable development means a process of positive management of the environment for 
human benefits and also focuses on the fulfilment of basic human needs, self-reliance and 
ecological sustainability through practices, recent discussions have evolved to include 
organisations, communities and nations operating between the space between an 
environmental ceiling and a social foundation based on analysis of time series drawn from 
monitored and palaeoecological data, and from social survey statistics respectively (Dearing 
et al., 2014). This space is what some proponents of sustainable development term “safe and 
just operating space”(Dearing et al., 2014; Hajer et al., 2015). The belief is that this “safe and 
just operating space” will ultimately lead to sustainability.  
Consideration of sustainable development in this research draws on the concerns that 
the current levels of economic development are not sustainable (Hák, Janoušková, & Moldan, 
2016; Sachs, 2015). Current economic development models have involved the rate of use of 
natural resources being greater than the rate of regeneration (Daly, 1990; Hák et al., 2016). 
These economic development models have led to increases in greenhouse gas emissions and 
depletion of water and land resources (Galli, Lin, Wackernagel, Gressot, & Winkler, 2015; 
Moran, Wackernagel, Kitzes, Goldfinger, & Boutaud, 2008). For a natural resource-related 
activity to be sustainable, considerations should be given to the development of the approach 
taken, the consequence of the approach taken on actors and the community and impact to the 
governance of the natural resource all in the effort to improve on the state of natural resources 
like water. For water resources use and dependency in the livestock farming community, 
sustainable development is concerned with regenerating the water quantity and quality at 
rates faster the rate of depletion and degradation (Ilea, 2009; Knox et al., 2012). This is 
important for various actors including farmers and policymakers as well as the wider 
livestock farming community in New Zealand (Lennox et al., 2011; Monaghan, de Klein, & 
Muirhead, 2008). Sustainable development for this research will take into account the water 
footprint management practices being put in place by farmers, the consequence of the 
practices being implemented on the people who will live with the decisions and the impact of 
the practices in informing policy and regulatory bodies in terms of the development of the 
most appropriate interventions in the context under study.  
From a literature perspective, this research draws from the sustainable development 




From this perspective, sustainability is broadly discussed as a wider outcome from 
sustainable development practices aimed at improving the use of natural resources including 
water (Diesendorf, 2000; Mebratu, 1998). In summary, sustainability development is the path 
taken to achieving sustainability. In the context of this research, the water footprint 
management practices implemented are activities also considered sustainable development 
paths being taken to achieving wider sustainability objectives for water use in the livestock 
industry in New Zealand.  
The need to develop an all-encompassing definition of sustainable development leads 
to the important question of what specifically does sustainable development hope to achieve? 
For businesses and regions, it is about utilizing natural resources and maintaining the quality 
in ways that can impact society. sustainability also relates to the concern for social equity 
between generations. Putting in place measures that are seen as sustainable development 
interventions may lead to improving the intergenerational social equity that may exist if a 
sustainable development pathway does not exist. (World Commission on Environment and 
Development, 1987).  
On the concern of how long is sustainable development? It is an issue that researchers 
tend to refer to future generations without giving specific timelines (Costanza & Patten, 1995; 
Kates, 2018). The impact of the concept of sustainable development can often be related to 
the measurable indicators that are used by businesses and societies. Quite often, these 
indicators relate to an aspect of the economy, environment and society and these include 
climate, clean air and land, freshwater, biodiversity, ecosystem services etc. Some identified 
indicators include equity, health, education, employment, footprints and profitability (Haden 
et al., 2009; Kates, 2018).  
Whilst some of these may seem very general and broad, conclusions from research 
shows that there are detailed indicators that suggest progress from a sustainable development 
perspective and water footprint is one when compared to a baseline scenario.  
Sustainable development is the key to water footprint management. It relates to an 
improvement on a baseline and what resources can be used to improving the baseline 
scenario. It is a necessary multi-dimensional way of thinking about water footprint 
management whilst considering the impact of decision making on the economy, society and 




as the tragedy of the commons that there is always the possibility for the exploitation of 
natural resources.  
3.7.1 Factors that drive organisations to improve the natural environment 
Several factors are regarded as reasons why organisations take on the challenge of 
dealing with environmental constraints that they face: legislation (Bansal & Roth, 2000; 
Gabzdylova, Raffensperger, & Castka, 2009), stakeholder pressures (Bansal & Roth, 2000; 
Delmas & Toffel, 2003), ethical motives (Bansal & Roth, 2000; Taylor & Walley, 2004) and 
economic opportunities (Christmann, 2000; Nidumolu et al., 2009). 
The legislation is a concern for various industries including farming (Bansal & Roth, 
2000; Gabzdylova et al., 2009). Managers point out that legislation controls what they can or 
cannot do. In essence, legislation can either be a driver of or a barrier to the financial success 
of a business (Bewsell, Monaghan, & Kaine, 2007; Knox et al., 2012). The adoption of 
stream fencing in the farming industry is one example that illustrates how legislation can 
impact the financial success of organisations through an increase in costs (Bewsell et al., 
2007). When organisations are faced with challenges such as mounting costs, they may end up 
restructuring their resource bundles to deal with various challenges they face if they are constrained 
(Hart, 1995; Ruttan, 2002).  Regulations and legislation have become normative in governing 
agricultural production especially in developed countries like New Zealand (R. Dodds, Graci, 
Ko, & Walker, 2013; Gabzdylova et al., 2009). For example, the proliferation of 
environmentally-friendly practices by farmers has been linked to the normalisation of 
legislation and regulations (Fairweather & Campbell, 2003; Jay, 2007). Thus, there is a 
strong case for organisations to take a position through compliance, at least, and sometimes 
going beyond compliance.  Compliance ensures adherence to legislation. Compliance 
practices identified from literature (McKergow et al., 2015; McNeill, 2016) with water 
footprint management in livestock farms may include fencing off water bodies, better control 
of irrigation through equipment, stock management during different times of the year, strict 
effluent management and soil management which leads to decrease in soil losses to 
waterways.  
Going beyond compliance involves practices that emphasise source reduction and 
process innovation (Forte & Lamont, 1998; Russo & Fouts, 1997). This may mean creating 
newer capabilities through unique resource bundles and processes within organisations.  In 




agricultural approaches such as irrigation and effluent management through the use of a range 
of technologies (De Baerdemaeker & Saeys, 2015; Zhang, Wang, & Wang, 2002) that help 
farmers come to decisions and assess the value of various practices mentioned above.  
Some of the benefits attributed to legislation are expanded on in paper by Russo and 
Fouts (1997) in which they studied 243 firms. Their results suggest that even though 
compliance with legislation and regulations has advantages such as social acceptance, going 
beyond compliance approach leads to more advantages such as facilitating the development 
of the firm’s resources. These resources include enhanced organisational learning from 
putting in place practices and development of employee skills as well as profitability 
advantages which ultimately lead to improved business performance (Forte & Lamont, 1998). 
Similar results are observed in other studies (Buckley & Carney, 2013; Goldstein, 2002) 
focusing on improving management and business benefits in the face of environmental 
constraints. Legislations impact stakeholders in relating to the management of natural 
resources including water (Memon & Selsky, 2004; Weber, Memon, & Painter, 2011) 
Stakeholders in this research include farm employees, regulators (regional councils), 
consumers/purchasers, farmer associations, shareholders, crown institutes, markets and 
communities, etc. Farm employees, markets and other stakeholders are noted as being 
interested in the economic success of the firm and at the same time worried about the impact 
of the firm’s activities on the environment (Hartmann, Ibáñez, & Apaolaza Ibáñez, 2006; 
Shirsavar & Fashkhamy, 2013). Big farmer associations like Federated farmers of New 
Zealand is one organisation that has continuously been influential in the direction of water 
regulations whilst considering profits in New Zealand through lobbying pressure (Blackett & 
Le Heron, 2016). Smaller farmer associations such as the Tararua Community Economic 
Impact Society are also are seen as important stakeholders (H. M. Collins et al., 2018). Thus, 
managers of businesses such as livestock farms need to avert negative public attention and 
build up support for being responsive (Bansal & Roth, 2000; Cordano, 1993) to the needs of 
the environment. This need to gain support from various stakeholders is supported by 
research findings which suggest that individuals are encouraged to buy and deal with 
organisations with good environmental reputations (Bansal & Roth, 2000; Hartmann et al., 
2006). In this respect, there is an increasing shift of awareness towards recognition of the 
negative effects of organisational activities on the natural environment (Viala, 2008; Waltner-
Toews & Lang, 2000). Organisations are differentiating themselves by offering 




to existing products (Shirsavar & Fashkhamy, 2013). These offer potential benefits that 
should be explored recognising that they can act as drivers for the livestock farming industry. 
Ethical motives are discussed in several studies (Ilea, 2009; Sulemana & James Jr., 
2014). The major conclusion from such empirical work is that businesses which cite ethical 
motive as a driver, develop capabilities to improve natural resource use because “it is the 
right thing to do”. Some businesses believe that being environmentally responsible is part of 
our collective responsibility and culture (Babiak & Trendafilova, 2011; Brønn & Vidaver-
Cohen, 2009). Whilst some businesses believe “it’s the right thing to do”, others are 
indifferent to doing what is right by the environment (Babiak & Trendafilova, 2011; Brønn & 
Vidaver-Cohen, 2009).  Organisations led by managers who consider it an ethical issue feel 
compelled to put in measures to improve their effect on the environment (Hemingway & 
Maclagan, 2004a; Post & Altma, 1994).  
The economic benefits associated with putting in place environmental practices have 
been documented in the management discipline  (Hemingway & Maclagan, 2004). These 
benefits include revenue generation (Buckley & Carney, 2013; Darnall, Henriques, & 
Sadorsky, 2008), cost reduction (Esty & Winston, 2006; Forte & Lamont, 1998), better 
access to certain markets (green markets) (Abell et al., 2011; Goldstein, 2002) and product 
differentiation (Ambec & Lanoie, 2008; Olson, 2009). These are certainly drivers influential 
in increasing the adoption of practices aimed at improving the effects of their businesses on 
the natural environment. The practices employed by businesses, however, do not always yield 
the desired outcomes and this may serve as a deterrent to some businesses (Berrone et al., 
2013; Esty & Winston, 2006). Ineffective deployment of practices or resource bundles may 
sometimes either raises costs or reduces the customer expectations of perceived quality 
(Ambec & Lanoie, 2008). One prevalent argument seen in the literature is the big question of 
whether it pays to be green. The literature review is inconclusive with respect to this inquiry.  
In the literature on organisations and the natural environment, the review of drivers of 
the uptake of environmentally-friendly practices relating to environmental, economic and 
social performance can improve the lens through which resource bundling and capability 
development in the livestock industry is viewed (Ambec & Lanoie, 2008; Bansal & Roth, 
2000). The next section discusses businesses, including agribusinesses, about how the 
application of business resources can help reduce the negative impact on the natural 




This area of the relationship between organisational management and the natural 
environment is where the present study seeks to contribute; the perspective is that of livestock 
agribusinesses who seek to improve farm performance as well as water footprint management 
through resource development and bundling.   
3.8 Institutional theory, institutions and institutional pressures 
Institutional theory has to do with how organizational influences become 
institutionalized over time (Dimaggio & Powell, 2014; Meyer, 2006). These influences 
(norms, traditions, values and other personal influences), when they become predominant,  
become pressures that lend themselves to support and so legitimise practices of conforming 
organizations (Beaulieu, 2006; Dacin, Oliver, & Roy, 2014). In a simple summary of the role 
of institutional theory in this research, Oliver (1997) mentions that institutional theory 
examines the role of the external farm environment including social influences and pressures 
as well as the internal farm business environment factors in shaping organizational actions. 
For the current research, this translates to examining the role of external and internal 
pressures such as regulatory pressures in influencing the conformity of livestock farms to 
ensuring their water use meets regulatory requirements and rules whilst maintaining or 
improving farm performance. 
Conforming from an organizational management perspective may lead to economic 
gains in value associated with bundling resources to build or grow a firm’s capabilities 
(Berrone et al., 2013; Dacin et al., 2014). Operating within a social framework of norms may 
also go beyond social justification and obligations by also emphasising a point of difference 
with firms on objectives such as operating primarily for economic gains (Oliver, 1997; Zukin 
& Dimaggio, 1990). 
Defining and utilizing institutional theory for this research should, therefore, consider 
what characterises an institution/organisation and the shared characteristics found in the 
various definitions of institutional theory. This means references to both internal and external 
structures: the internal formal structures coupled with a rule-like organized pattern of utilising 
resources and conducting operations and an external environment influenced by collective 
normative order (Dacin, Goodstein, & Scott, 2015; Suddaby, 2010).  
Institutional theorists group institutional theory into two schools of thought: old 




historical and rational choice institutional theories) (Larned, Scarsbrook, Snelder, Norton, & 
Biggs, 2004; Selznick, 1996). Although there are differences between these theories, there are 
also some similarities (Scott, 2004). One of these similarities is the fact that with all 
institutional theories, something identified at a higher level is used to explain processes and 
outcomes at a lower level of analysis (Clemens & Cook, 1999; Scott, 2004). In this research, 
regulatory changes and other external pressures are being utilised to explain the process of 
bundling resources and achieving favourable outcomes in the case of the respondent being 
focused on.  
Sociological institutionalism which emphasizes a dominant but complex set of norms, 
best advances this research by providing a supporting theoretical background for the NRBV. 
It leads to an understanding of how various normative pressures, including regulatory 
requirements, influences a business including farm businesses to alter their operations 
including its practices to meet industry expectations (Larned et al., 2004; Nee, 2001).  
Institutional factors affect actors such as farm managers, owners and businesses through 
coercive processes which include legal regulatory actions directed by states or nations and 
regional institutions (Meyer, 2006, 2010).  
The Historical institutional theory differs from sociological institutionalism in its lack 
of endorsement of a specific theoretical program (Amenta & Ramsey, 2010). The theory 
tends to sometimes focus on comparative scenarios when explaining changes or 
developments (Ragin, 1987; Scott, 2004). Its proponents see institutions as setting off 
processes of path dependence in which new institutions or policies reshape possibilities 
(Scott, 2004; Steinmo & Chwaszca, 2008). This theory is guided by studying changes that 
happen in social, economic and political settings (Larned et al., 2004; Steinmo & Chwaszca, 
2008) over time.   
The Political institutional theory focuses on how political institutions shape politics 
and political actors, who act under constraints that may influence their impacts on state and 
policies, reshaping political institutions in the process and so on (Clemens & Cook, 1999; 
Scott, 2004). This type of institutional theory emphasizes the role of political institutions as 
major actors who play an influential role in political outcomes and processes. Political 
institutional theory can also be related to historical institutional theory if there is a political or 




Rational choice institutional theory illustrates that actors in a system use institutions 
to maximize their utility (Ostrom, 2013; Shepsle, 1989). In the same way, organizations in 
their role as actors, make rational decisions which are aimed at maximizing their utility and 
ensuring their survival (P. A. Hall & Taylor, 1996). The rational choice institutional theory 
emphasizes the role of strategic interactions/process in the determination of outcomes 
(Shepsle, 2006), thereby indicating the relevance of strategic decision-making as an 
important component of rational choice institutional theory. Proponents believe that firstly, 
actors who are classified under this have a fixed set of preferences or tastes and usually try to 
make decisions aimed at satisfying those preferences by being strategic (P. A. Hall & Taylor, 
1996; Shepsle, 1989, 2006). Secondly, in the process of maximizing their utility, together 
with other actors in a collective situation, these actors may end up with decisions considered 
as sub-optimal (P. A. Hall & Taylor, 1996; Shepsle, 2006). A classic example is the scenario 
of the tragedy of the commons (Shepsle, 2006).   
3.8.1 Institutions and institutional pressures (regulatory environment) 
Livestock farming operations like most businesses are subject to a wide range of 
influencing factors and pressures (Alberto & Aragon-correa, 2011; Sharma & Aragòn-Correa, 
2007). These pressures shape how businesses conduct their operations and how they combine 
and use resources to build capabilities (Delmas & Toffel, 2008; Gadenne, Kennedy, & 
McKeiver, 2008). The institutional theory recognizes this phenomenon (Berrone et al., 2013; 
Delmas & Toffel, 2008), and in particular, regulatory pressures, including industry and 
governmental pressures as well as institutionalised internal farm environment pressures 
(González-Benito & González-Benito, 2006; Kassinis & Vafeas, 2006). For businesses 
including agribusinesses, sociological institutionalism posits that their main goal is to survive 
and gain legitimacy. To do that, businesses will need to focus on other indicators other than 
just profitability (Pereira, Cordery, & Iacovides, 2012; C. Saunders et al., 2007). Research 
conducted focusing on sociological institutionalism conclude that institutions (regulations) 
lead actors such as farmers to act because other types of behaviours just become 
inconceivable (Boons & Strannegård, 2000; Carbone & Moatti, 2011). This suggests that 
compliance becomes the norm because anything other than compliance is inconceivable.  
Political and regulatory pressures are prevalent in all industries where standards or 
limits are set to be adhered to (Collier, 2007; Jay, 2007). Adherence leads to building up a 




Roth, 2000; Wright & Rwabizambuga, 2006). This is a phenomenon observed in the New 
Zealand livestock farming industry particularly in the dairy industry (Clark et al., 2007; R. 
Dodds et al., 2013). 
Other pressures such as customer pressures, industry pressures as well as farm 
shareholders pressures manifest themselves in many ways. These include demand for 
transparency in environmental monitoring data on farm operations (Babiak & Trendafilova, 
2011; Epstein & Buhovac, 2014) and the widespread adoption of industry practices such as 
stock exclusion from waterways in dairy farming (Knox et al., 2012; Marsh, 2012). These are 
some of the few examples of the types of institutional pressures that businesses, including 
livestock farming, face. 
Institutional pressures in the business environment cannot be disputed and are 
important for the study of organisations and how they deal with institutionalised external and 
internal factors from resource use and capability building perspective.  The issue of the 
constraints put on businesses from these pressures raises a lot of questions about how lessons 
can be learnt from businesses which manage to differentiate themselves through various 
resource combinations when faced with institutionalised pressures. Although, this question 
seems to have been somehow addressed in previous works in other industries, an extension to 
continue considering this is highly relevant for the livestock farming sector in New Zealand. 
3.9 How the study uses the NRBV supported by the institutional pressures  
With pressures relating to natural resource use in livestock farming operations 
becoming more prevalent (Galli et al., 2012; Haden et al., 2009), there is the need to assess 
how one can deal with the pressures through resource bundling (Esty & Winston, 2006; 
Walton & Handfield, 1998). The various theories discussed concerning the initial ideas for 
this research point to an alignment with the natural resource-based view being supported by 
institutional pressures (institutional theory). The following sections will detail how the study 
uses these theories. 
3.9.1 Institutional Theory 
Organisations that emphasize natural resource use and protection of the natural 
environment in which they operate (Esty & Winston, 2006; Haden et al., 2009), may take 




and the industry in which they operate whilst at the same time, keeping up with their relevant 
performance metrics (Beaulieu, 2006; Brønn & Vidaver-Cohen, 2009). Approaches such as 
pollution prevention, product stewardship and/or sustainable development which may lead to 
the improvement of resources use, processes and capabilities may be developed (Berrone et 
al., 2013; M. A. Zimmerman & Zeitz, 2002).  
Livestock farming operations approach the challenge of dealing with environmental 
constraints related to various external and internal pressures differently (Beaulieu, 2006; M. 
A. Zimmerman & Zeitz, 2002). The approaches may be proactive (Berry & Rondinelli, 1998; 
Oliver, 1991) or reactive (Menguc et al., 2010; Vazquez-Brust, Liston-Heyes, Plaza-Úbeda, 
& Burgos-Jiménez, 2010). A reactive approach involves doing the barest minimum in terms 
of practices and capability development in response. A proactive response deals with the 
institutional pressures head-on and goes to the extent of anticipating future changes to 
pressures including tighter regulations by developing capabilities such as ones associated 
with high technology use. In other words, the proactive approach or response seeks to stay 
ahead of the compliance requirement. 
Regardless of the approach being considered whether reactive or proactive (Buysse & 
Verbeke, 2003; Henriques & Sadorsky, 1999), the development and utilisation of resource 
bundles through the improvement of practices and processes from an NRBV perspective may 
be geared towards legitimizing the operations of the business and in this case, the farm 
business through capabilities. The approach taken in response to the institutional environment 
directing the farms' operation may also take into consideration the performance indicators 
that the organisation relies on to understand its position within the business environment. 
Thus, the capabilities developed may be linked to the prevailing institutional environment as 
well as the business performance objectives of the livestock farming operation.  
A pollution prevention response to the water footprint management challenge of 
livestock farming operations that also takes into account the relevant institutional pressures is 
just one example of how businesses can respond. Developing capabilities in response to 
institutional pressures including goals and objectives of farmers equal developing and 
bundling resource through practices and processes that organisations or businesses can rely 




3.9.2 The Natural Resource-Based View (NRBV) 
In the NRBV, the influence of the natural environment, natural resources and the 
firm’s resources, processes and practices being bundled to create capabilities to aid the firm’s 
performance are the main components of the business under investigation and thus 
considered the unit of analysis. The NRBV provides a theoretical grounding through which 
the connection between water footprint management capability in a changing institutional 
environment and farm performance can be firmly established.  
Livestock farming operations have been presented with the challenge of rethinking 
and redeveloping their capabilities on water footprint management while ensuring good farm 
performance (financial and non-financial). Stricter regulations and various pressures are 
forcing agribusinesses to accept changes in the status quo and to re-shape their strategic 
directions (Grolleau, Mzoughi, & Thomas, 2007; Jansen, Jansen, & Vellema, 2004). The 
NRBV, therefore, presents itself as a relevant theory to support the strategic directions that 
agribusinesses can take to deal with the challenge of the natural environment.  
Water footprint management may lead to the development and bundling of resources 
including tacit resources. Tangible resources such as machinery, monitoring tools or database 
resources are complemented with tacit resources to help farms better predict their impact on 
water resources and manage it. 
Pollution prevention  
Pollution prevention is the most utilised form of water footprint management 
capability at the livestock farm level and it involves practices aimed at minimizing emissions, 
wastes and effluents (Alvarez Gil, Burgos Jimenez, & Cespedes Lorente, 2001; European 
Environment Information and Observation Network, 2008). It also involves the adoption of 
practices and processes which are primarily aimed at improving on the liability of costs 
associated with water footprint management.  Pollution prevention means prevention or 
reduction of environmental threats instead of allowing these threats to get to a point where it 
requires the end of pipe technologies to mop up the hazards created (Alvarez Gil et al., 2001; 
Galeazzo et al., 2013).  
Relevant studies as noted (Michalisin & Stinchfield, 2010; Salvadó et al., 2010) that 
link pollution prevention to business performance ask the question of whether it pays to be 




is framed as “From a farmer’s perspective, how has developed water footprint management 
capabilities affected farm performance?”. As an example, the relationship between carbon 
footprint management and firm performance (specifically financial performance) has been 
empirically investigated using the NRBV as the theoretical foundation. These studies suggest 
that firms with greater emphasis on the development of management practices and processes 
for improving on climate change have higher financial returns compared to firms with less 
emphasis on developing climate change capabilities associated with reducing emissions. This 
study shows that firms implementing pollution prevention capabilities focus on relatively 
lower capital investment by relying on the feedback of relevant stakeholders through 
pressures ((Hart & Dowell, 2011; Rooney, 1993). Similarly, firms putting in place water 
footprint management strategies may pre-empt tougher regulations through feedback 
concerning water resource use (Chapagain & Orr, 2010; Ruini et al., 2013), and may, 
therefore, seek to benefit from implementing practices which typically involve lower capital 
investments.  
The present research seeks to contribute to the pollution prevention approach 
literature under the NRBV. The research aims to understand the processes, practices and the 
resources utilized through pollution prevention approaches used by award-winning farmers in 
the livestock industry in New Zealand. The research also aims to evaluate whether a pollution 
prevention approach through water footprint management can improve farm business 
performance.  This will be investigated from the farmer perspective as to what they think 
about how their pollution prevention practices impact on their farm performance.   
There is a need for more research on the NRBV, pollution prevention and the link to 
business performance (Hart & Dowell, 2011). Focusing on water footprint management 
practices opens up an opportunity to extend the work of Michalisin & Stinchfield (2010) and 
others (Brady, Henson, & Fava, 1999; Hart, 1997) to other natural resource management 
practices, thereby expanding our understanding of the NRBV in terms of pollution prevention 
capability. Water footprint management can therefore contribute to empirical research on 
pollution prevention and more specifically on resource combinations that improves the 




3.10 Coupling institutionalised pressures with the NRBV in relation to the 
livestock farming operations. 
The negative impact of the livestock farming industry on natural resources and the 
environment has led to various pressures on farm managers and policymakers (Delmas & 
Toffel, 2004; Nidumolu et al., 2009). Adopting environmental and natural resource 
management practice strategies in response to these pressures which are constraints under the 
NRBV have the potential to lead to improved farm performance through effective capability 
development. 
The NRBV literature has identified pollution prevention as a natural resource 
management approach that is being used to reduce the impact of production processes in 
livestock farming operations on water. Pollution prevention capability is particularly relevant 
in this case as livestock farming production is an accumulation of various processes and 
practices involved in growing the livestock and getting it to the farm gate. The sum of these 
processes and practices have the potential to contribute to negatively impacting the 
environment. Ensuring that the livestock farming operation is not degrading or depleting 
from a water footprint management perspective requires an approach that considers every 
aspect of reducing the amount of water used and the effluent released to the environment. 
This approach may lead to unique capabilities being developed which may be effective in 
ensuring the reduction in negative impacts to the barest minimum on the farm – pollution 
prevention is such an approach.  
The connection between pollution prevention and business performance has been 
identified as a well-researched area (Hart & Dowell, 2011). However, there is still a gap in 
the research literature from a resource perspective about how resources are combined in the 
face of the increasing environmental constraint challenges to support the link between the 
pollution prevention and business performance (Galeazzo et al., 2013; Hart & Dowell, 2011).  
In the livestock farming industry, improving farm performance from both a water and an 
economic bottom-line perspective can be a complex challenge which requires effective 
bundling of resources (Porter & Kramer, 2007; Shrivastava, 1995), especially in contexts 
such as New Zealand where the industry is faced with mounting regulatory pressures 





The present research seeks to contribute a much-needed empirical investigation, 
within the New Zealand agribusiness context, of how farm-related resource bundles can lead 
to more effective water footprint management capability at the farm level on livestock farms. 
It also seeks to identify, where possible, how such approaches may also translate to improved 
farm performance. Therefore, the study will be guided by the related research questions and 















As pointed out from the conclusion of chapter three, this chapter focuses on the 
methodology and method for this study. The chapter is divided into two sections which 
explain: 
• The appropriateness of a pragmatic paradigm (section 4.2) which also includes the 
philosophical view for the research (section  
• The ) and how the research paradigm informed the exploratory inductive research 
approach  
• The exploratory inductive research method involving the analysis of qualitative 
interview data from 25 award-winning farmers.   The chapter ends with an explanation 
of how the data were transcribed, coded and analysed (section 4.4) 
Finally, the chapter ends by providing a summary of the methodology and methods 
used in the study. 
4.2 Methodological approach 
This research takes a pragmatic approach. Water footprint management is a concept 
following in the footsteps of its more established predecessors – carbon footprint 
management and life cycle management. The practical uses of water footprint management 
have implications not only in the natural sciences but also for businesses that can use the 
concept to understand its environmental impacts and put in place measures to reduce those 
impacts. From an organisational management point of view, it is possible that by 
understanding an agribusiness operational impact on water resources, the business may try 
and implement measures by using various resource types that will not only lead to reduce its 
environmental burden on water resources but also improved business performance. Given the 
context of the New Zealand scenario presented in chapter 1 and chapter 2 with water 
management within the livestock agribusiness industry and the researcher’s engagement with 
the industry working in a consulting company developing solutions to help livestock farmers, 
pragmatism as a paradigm presents itself as intuitively appealing considering that its 
proponents are of the view that researchers should ‘study what interests you and is of value to 
you, study in the different ways in which you deem appropriate, and use the results in ways 




Teddlie, 1998 Pp 30). The researcher aligns with this stance and takes an approach which he 
deems will contribute current knowledge through answers to the water footprint management 
questions (How is water footprint management understood at the farm level in New Zealand? 
What are the key resources used in water footprint management at the farm level in New 
Zealand?  How have better farm performance been linked to developed water footprint 
management capabilities from farmer perspectives?) being dealt with by this thesis being 
addressed by this research as a contribution to the livestock industry in its current state. 
To meet the aims of the research, the study uses an approach that considers all the 
types of data forms that can be used from the respondent agribusinesses which will be useful. 
This includes using approaches that consider dual data types to gain a comprehensive 
understanding of research sample/respondents (Guest & McLellan, 2003) and emphasizing 
research findings  (Guest & McLellan, 2003; MacQueen et al., 2001).  
The following section presents the philosophy behind this research whilst section 
(4.2.2 ) presents details of how the research paradigm informed the research approach.  
4.2.1 The philosophy of pragmatism  
To understand the methodological approach and methods used in this research, it is 
important to discuss the research paradigm chosen by the researcher from a philosophical 
point of view.  
There is a variety of philosophical (ontological and epistemological) positions that 
exists including post-positivism, advocacy/participatory and constructivism. The researcher 
chooses not to adopt these positions. Post positivism unlike this study begins with a theory, 
collects data to support or refute the theory and then makes necessary revisions before 
additional tests are conducted (Creswell, 2003). Also, numeric measures of observations are 
important to the post-positivist researcher(Creswell, 2003; Ryan, 2006). This study on the 
other hand does not have the aim of collecting data to refute or support a theory. The 
approach is not focusing majorly on numeric data to support arguments also. The post 
positivists researcher is inclined to utilise numeric observations to simplify the relationships 
between phenomena. This research although, aims to understand the phenomena of water 
management in New Zealand livestock agribusinesses does not focus on utilising numeric 
data to establish simple relationships between phenomena under study. The topic under study 
is rather too complex to for this approach to be utilised and the researcher believes that rather 




questions, a combination of methods will suffice to help find answers to the research 
questions. 
Advocacy as a research paradigm involves researchers who begin with issues such as 
empowerment, inequality, oppression, domination, suppression and alienation as a focal point 
of their research (Kemmis & Wilkinson, 1998; Vaioleti, 2006). This study does not seek to 
deal with any of these important social issues in its objectives. Advocacy/participatory 
studies aim to create a political debate and discussion so the change will occur (Creswell, 
2009). Whilst this is something that the research will aim to contribute to, the farmers/ farms 
(respondents) that are being used are not disempowered in the community with the research 
objectives.  
Whilst this study approach in terms of using open-ended questions for interviews to 
understand the contexts and strategies utilised by the participants reflect a solely 
constructivists approach (Mir & Watson, 2000; A. Tashakkori & Teddlie, 2003), the 
researchers intent is not to just rely solely as much as possible on the participants view of the 
research scenario being studied but put equal emphasis on the relationship that exists between 
factors influencing the farmer with respect to the objective of what resources they use and 
how they bundle these resources in improving their water footprint management and the 
observable farm conditions within which the farmers operate. Thus, the research aims to 
utilise pluralistic means to achieve the research objectives.  
In line with the aim of understanding contexts and gaining knowledge from the 
actions of the livestock farmers with water management, referential pragmatic paradigm, an 
approach that points out that knowledge claims arise out of actions, situations and 
consequences is chosen (Goldkuhl, 2012a, 2012b) has been chosen to support the research.  
This approach has the characteristics of both a constructivist and a pragmatic approach with 
the inquiry on the respondents under study, the context in which they find themselves in and 
the consequences of their situations on their water footprint management strategies and 
performance. 
This research focuses heavily on the development of knowledge relating to current 
water footprint management issues in New Zealand as well as focusing on the improvement 
of water footprint management, a subject of value to the researcher. This objective lends re-
emphasises the basis of the pragmatism approach taken. Pragmatism has been described as a 




such as Charles Peirce, Chauncey Wright, John Dewey and George Herbert Mead (Fisch, 
1996; Ormerod, 2006; Simonson, 2001). Researchers often base their research on either 
idealist or realist ontologies – two ways of answering the question “what is real?” Pragmatists 
argue on the other hand that this is not a useful question(Ormerod, 2006; Rumens & 
Kelemen, 2013). Instead, they claim that “real” is continuously built up through our 
experiences and learning from actions that form part of the experience.  
Making knowledge claims are not enough when researching. The claims need to be 
assessed to be able to justify the knowledge claim. This brings up the topic of epistemology 
(P. Johnson & Duberley, 2000; Von Krogh & Roos, 1995) which represents evidence to 
support the knowledge claims. Researchers mention that the current norms in philosophy 
under methodology promote not only making claims about what is knowledge but also about 
how we know that knowledge (Lincoln & Guba, 2000; Sayer, 2000). Different views about 
what constitutes knowledge and how we know it has influenced the development of various 
research paradigms. According to Creswell (1994), research paradigms can be described to 
include stating a knowledge claim which means that the researcher starts a project with 
certain assumptions about how they will learn and what they will learn during the inquiry. 
Additionally, pragmatists answer to the epistemological question of “how do we find 
out what is truth/real?” is that the process of learning and finding out is done by solving 
meaningful problems. One of the founders of pragmatism, John Dewey, wrote that “…all 
principles by themselves are abstract. They become concrete only in the consequences which 
is from their application” (Dewey, 1986). Thus, pragmatism is an approach to “finding out” 
that focuses on applied principles and their usefulness or relevance. Pragmatists uncover the 
truth by testing out different things and selecting only what works in practice – if something 
works or is useful, then it is labelled as true(Ormerod, 2006; Rumens & Kelemen, 2013).  
Referential pragmatism 
The importance of pragmatism as a research paradigm in management research has 
been noted by several researchers (Campbell, 2007; C. W. Morris, 2013; Wicks & Freeman, 
1998). It is a competing research paradigm to other paradigms in organisational management 
research (Creswell, 2013; Podsakoff & Dalton, 1987; Seidman, 2013). Different types of 
pragmatism research have been identified and these include; functional pragmatism, 
referential pragmatism and methodological pragmatism(Goldkuhl, 2008). These typologies of 




This study relies on referential pragmatism. In referential pragmatism, the action is 
the object of focus. Knowledge is developed around the action of actors in a study. For this 
study, knowledge is being developed from the water footprint management actions of farmers 
within the regulatory and social context within which they operate.  From this perspective, 
research knowledge from the farmers' response towards water footprint management is more 
important if their actions from a natural resource-based view are explicitly understood. 
Referential pragmatism is the approach guiding this study. Referential pragmatism points out 
that the improvements in society must be seen and grasped in terms of the action that lead to 
those improvements(Blumer, 1969; Goldkuhl, 2012b, 2012a). In the livestock agribusiness in 
New Zealand, actions of the farmers studied in this research can be grasped in terms of 
knowledge that can lead to industry-wide improvements. Referential pragmatism is also 
concerned with developing theories or conclusions based on the actions of actors. The 
farmers chosen for the research must be understood in terms of the actions (practices towards 
water footprint management and farm performance). Referential pragmatism posits that the 
knowledge focus should be explicit about the actions of the respondent farmers. This means 
knowledge about their farm practices, resource use, the drivers and influences impacting their 
water footprint management and the relatable farm performance measures considered.  The 
referential pragmatism approach supports the view of farmers demonstrated through some 
studies (Baumgart-Getz, Prokopy, & Floress, 2012; Burgess, Clark, & Harrison, 2000) that 
effective farm management practices of farmers influence other farmers. This influence is in 
the form of knowledge resources they can tap into to improve their farming systems.  
 
Figure 4 Knowledge – action relationship in referential pragmatism 
 
Referential pragmatism has been related to several actions theories (See Goldkuhl, 
2008) including Giddens Structuration theory which views actors as using knowledge to 
develop actions and this may be through every social encounter (Goldkuhl, 2008; Inglis, 
2018) and practice theory (Goldkuhl, 2008; Schatzki et al., 2001).  
Methodological pragmatism means knowledge is gained through the actions and 




summarized as knowledge through action. In the context of the study, this will mean 
knowledge gained through the actions of farmers. This is about collecting data as the action is 
taking place. The research does not do that and does not align itself to this type of 
pragmatism.  
Functional pragmatism points out that there should be a practical value of knowledge 
and that knowledge should have an impact on society(Dewey, 1931). Functional pragmatism 
is the knowledge that should be useful and applicable in action (Goldkuhl, 2006, 2008). It is 
prescriptive and is not explicitly concerned about generating knowledge from actions. For 
studies like this, this means it is not explicitly concerned about generating knowledge from 
the actions of the respondents being studied. However, the focus may be on prescribing 
knowledge from other studies to improve water footprint management studies without 
considering the specific contexts, strategies utilised, and the performance measures 
considered by the farmers. 
4.2.2 How the research paradigm informed the research approach 
The previous section discussed pragmatism and specifically referential pragmatism as 
the paradigm utilised for this study. This section discusses how the view of action leading to 
knowledge generation to improve water footprint management in New Zealand livestock 
farming operations has influenced the methods employed for the research. The research 
employs an exploratory inductive research approach which usually starts with observations 
and might end with theories proposed (Goddard & Melville, 2004; Sandhu & Kulik, 2018).   
Pragmatism in management literature and the natural environment is not utilised as 
much as other research paradigms like positivism and constructivism (Ormerod, 2006; 
Rodela, Cundill, & Wals, 2012). However, with the uncertainty and complexity around 
environmental and sustainability challenges like water resource depletion and degradation 
which need urgent action, it has been argued that approaches which do not offer practical and 
policy solutions to these challenges are inadequate (Kuhn, 1970; Rodela et al., 2012). 
Pragmatism emphasizes problem-solving whilst producing relevant knowledge for practice 
and reflection in terms of contributing to society.  
Pragmatism in management research has been repeatedly linked to mixed methods 
research (D. L. Morgan, 2014; Rumens & Kelemen, 2013). Similarly, positivism from a 




been linked to qualitative research methods (Creswell, 2013; Neuman, 2005). Even though 
there may be an affinity towards methods of inquiry under each paradigm, it has been 
established that there is no deterministic link forcing the use of a particular method in line 
with a chosen paradigm (D. L. Morgan, 2014).  In summary, “pragmatism can serve as a 
philosophical program for social research, regardless of whether that research uses 
qualitative, quantitative or mixed methods”(Morgan, 2014 Pp 1.). 
Pragmatism and management research  
Pragmatism in management research is not a new paradigm approach (R. B. Johnson 
& Onwuegbuzie, 2004; Van de Ven & Johnson, 2006; Wicks & Freeman, 1998). However, it 
was not widely utilised (R. B. Johnson & Onwuegbuzie, 2004; Kilduff & Mehra, 1997; A. 
Tashakkori & Teddlie, 2003; Wisdom, 1987) until it gained significant support from 
researchers whose methods of inquiries involved mixed methods (Azorín & Cameron, 2010; 
R. B. Johnson & Onwuegbuzie, 2004). Some management literature advances the notion that 
research can involve the use of pluralistic approaches to knowing and advancing “what 
works”(Azorín & Cameron, 2010; Babiak & Trendafilova, 2011; T. J. Watson, 2011; Wicks 
& Freeman, 1998). This advancement of plurality in approaches does not mean pragmatism is 
superior to other paradigms that rely on mono method designs. However, advocates believe it 
will lead to improving answers to the research questions under study.  
Pragmatism in management research has had its proponents (Azorín & Cameron, 
2010; Cherryholmes, 1999). It has also had its fair share of criticisms as an approach from 
scholars who have utilised other approaches and others who see their non-pragmatic 
methodological stances as ideal (See Pfeffer, 1993). Some of the criticisms include an ever-
increasing belief around how to approach research objectives and data utilizing pluralistic 
means (Jencks, 1989; 50),  which purists who are entrenched in traditional singular research 
paradigms believe will lead to the “decline of the academy into a babble of 
cacophony”(Kilduff & Mehra, 1997). Another criticism of this paradigm in management 
research is that it mixes different paradigms without giving credit to the paradigms and 
instead holds the view that issues surrounding knowledge from the purist point of view are 
not important in dealing with finding answers to applied research(Johnson, Onwuegbuzie, & 
Turner, 2007; Rossman & Wilson, 1985). Pragmatism in management research and other 
fields of study has also been noted to favour post positivists thinking over interpretative 




research attempts to overcome some of these criticisms through improving the clarity around 
plurality in data analysis in response to the research questions being dealt with. This is 
accomplished in the research method section of this chapter.  
Pragmatism plays a role in advancing knowledge and dealing with society’s 
challenges through management research (Rumens & Kelemen, 2013; Ruwhiu & Cone, 
2010; Tidd, 1997). This role includes being utilised to understand research from an 
organisational and societal perspective in New Zealand (Ruwhiu & Cone, 2010). While 
acknowledging all the criticisms pointed out in the exhaustive literature about pragmatism 
approach in management research, the research is of the view regardless of the design and its 
appropriateness, utilising pluralistic approaches from a pragmatic methodology point can be 
valuable.  In the case of this research focused on the context in which livestock farmers 
operate in, the strategies they utilise to improve their water footprint management and the 
performance measure these farmers consider to measure their success at improving their 
water footprint management, the methods chosen will provide a solid and appropriate form of 
inquiry in the process of providing answers and solutions to the research questions and aim 
restated in section 4.2 
Justifying plurality in the research approach and methods 
The research approach taken in this study has been influenced by the researcher’s 
interest and what is of value to the researcher, the knowledge of the situation and the needs of 
the industry that the study is geared towards. From the pragmatist’s position, the literature 
review conducted fulfils the realist’s objectives needed for understanding context (the 
constraints posed to the farmers with regards to water management and the influences on 
water footprint management practices existing)).  
It was determined that a pluralistic approach which favours problem - solving using 
the various data analysis methods and the understanding available at the time offers a feasible 
means to achieving the research objectives. Thus, as mentioned in section 4.2.2, the study 
uses an exploratory inductive research approach in line with the pragmatic paradigm that the 
researcher aligns with.  
Inductive research as mentioned involves moving from a specific focus to the general 
view whilst deductive research moves from general to specific (Creswell & Clark, 2007; 




inquiry (Trochim, 2006).  As this study takes an inductive approach, the researcher works 
from a bottom approach focusing on water footprint management related award-winning 
farmers to build a broader resource use finding for the New Zealand livestock farming 
industry through connection of themes.  
The inductive approach allows the researcher to subjectively reason through 
respondents under study (Neuman, 2005). This has been noted to be done through real-life 
subjects. The inductive approach to inquiry is associated with constructivism or 
interpretivism which are focused on understanding the complexity of experiences from the 
respondents (Schwandt, 1994). Relating this to the research questions posed by this study, the 
inductive approach will help the researcher understand responses to questions on water 
footprint management in relation the contexts, practices and performance from the farmer 
perspective. Thus, this research takes an exploratory inductive approach to achieving the 
research aim.  
The aim of the inductive approach is also to come up with meanings from the data 
collected and this is done through identifying themes and patterns as well as relationships (M. 
N. K. Saunders, 2011). The meanings generated are used for theory building. For this 
research, data collected from award-winning farmers are analysed for themes and patterns to 
come up with meaningful findings which can contribute towards a generalised finding which 
can be applied to the New Zealand livestock farming industry.  
Under the pragmatism paradigm where pluralism is embraced as a key cornerstone of 
the philosophical stance, employing a layer of quantitative analysis to find the relationship 
between coded qualitative themes as a method of inquiry is accepted. This point is supported 
by the reference made by (Rumens & Kelemen, 2013)that the researcher is encouraged to use 
indeterminate values in the attempt to handle situational indeterminacy. This approach is also 
in line with what exploratory inductive reasoning is about in terms of identifying 
relationships that can be used for theory building. 
The nature of the research aim and questions not only requires the use of qualitative 
data but also calls for supporting quantitative techniques to help explore potential findings 
that may emanate from the dataset. Research questions one, two and three are determined to 
be best answered using open-ended interview questions. Other aspects of question one and 
three which seek to understand in detail how resources are bundled effectively to improve 




with regards to water footprint management at the farm level, required first-hand observation 
to understand farm operations 1qin relation to water footprint management from a farmer 
perspective. Pragmatism as discussed in section 4.2.1 and 4.2.2 is not limited and committed 
to any one system of data collection and analysis. One of the main focus of pragmatism is to 
achieve research objectives through different methods which are deemed appropriate (Abbas 
Tashakkori & Teddlie, 1998).  
4.3 Research Methods 
This section differentiates itself from the previous section by going beyond the 
explanation of the philosophical position taken by the researcher to present the specific 
methods chosen for use in the research. It is very important to differentiate between the 
methodology and the research method (Ahrens & Chapman, 2006). The choice of the 
research method should be appropriate to match the objective of the research (Creswell, 
2013; Neuman, 2005). The method chosen in this study should be appropriate to help the 
researcher identify different resource use configurations considering factors such as drivers 
and influences (context). An exploratory inductive approach supports such an aim as shown 
by Sandhu and Kulik (2018) in their paper focused on examining the interplay between the 
top-down forces of structure and the bottom-up influences of managerial discretion in 
shaping new organizational roles over time. The choice of this approach also as a method is 
supported by the fact that one of the major aims of the inductive approach is also to come up 
with meanings from the data collected and this can be done through various methods as long 
as there are identifying themes and patterns as well as relationships that can support theory 
building (M. N. K. Saunders, 2011).  
The study responds to both the calls for research into the natural environment with 
regards to resource use and bundling (Finney et al., 2005; Haden et al., 2009) and industry 
and general populace concerns about challenges relating to livestock operations effect on 
water resources (Memon & Weber, 2010; Weber et al., 2011). In responding to these calls, a 
pluralistic approach to collecting data on the contexts, the strategies employed by the farmers 
and the performance measures utilised and analysing the data through an exploratory 





Pluralism in qualitative research through exploratory inductive research can capture a 
more complete and holistic picture of the phenomena under study (Frost et al., 2010; Jick, 
1979). This can ensure that the researcher is confident about the results achieved with the 
research (Frost et al., 2010; Guion, Diehl, & McDonald, 2011; Whittemore, Chase, & 
Mandle, 2001). The use of singular approaches often raises the question of what the data will 
look like when another approach is used as a second layer of interpretation of the same 
data(Frost et al., 2010; Whittemore et al., 2001).  When different layers of analysis are 
considered together, a wider perspective of the data is achieved (Easterby-Smith, Golden-
Biddle, & Locke, 2008; Frost et al., 2010).  
Pluralism in qualitative research process involves using more than one research 
analysis method or data collection technique(Bryman, 2003; Frost et al., 2010; Guest & 
McLellan, 2003; Whittemore et al., 2001). In this study, the interview method is primarily 
used to generate qualitative responses to questions leading to answering the research 
questions. The data is then analysed using content analysis to generate thematic codes and 
patterns to investigate the variability within the sample. A second layer of data analysis is 
conducted using cluster analysis to help improve the perspective given to the data (Guest & 
McLellan, 2003; MacQueen, McLellan, Kay, & Milstein, 1998). This contributes to the data 
by improving the reliability in making conclusions about research question 2 i.e. which key 
resources are utilised and bundled during the process of water footprint management by 
award-winning livestock farmers.  
 
4.3.1 Sampling and Access 
The entire study was undertaken from January 2013 to May 2016. The study is 
undertaken in, 4 regions. These 4 regions have recently been noted for showing relatively 
higher increases to livestock production and relatable negative water impacts. Furthermore, 
taking into account the context provided in earlier chapters, the livestock farming operations 
targeted are those who have been noted by the industry as leaders (through awards) in water 
footprint management.  
This section details how the respondent agribusinesses were acquired and accessed. 
The sampling and access of farmers started in February 2014 and ended in December 2014. 




best practice models with regards to water footprint management. The justification for 
choosing these farms is based on the premise of learning from these model livestock 
operations through a resource use perspective and presenting the findings to aid 
policymaking.  Initial research was done on the internet regarding water management leading 
livestock farmers in New Zealand. The search led to the discovery of programs developed by 
the industry and government aimed to reward farmers who are considered model farmers 
with regards to water management as well as other various components of their farm 
business. This search also led to the discovery of notable programs championing effective 
water management being administered by farmers in certain water catchment zones. The 
most notable of these award programs which was influential in helping identify some of the 
agribusinesses used in the study was the “Ballance Farm Environment Award4” which 
recognizes and celebrates good farm practices through the promotion of sustainable land and 
water management in 10 regions in New Zealand.  
Identified recent past and present winners of this award program in the 4 regions 
mentioned were contacted for participation in the research. These identified farmers/farms 
were contacted via various channels including emails, social media (LinkedIn), telephone and 
snail-mail. During later stages of the data collection process, some of the identified award 
winners who the researcher had difficulty in contacting at first were contacted through 
references from the respondents already interviewed. Thus, in this instance, judgemental 
sampling was used as well as snowball sampling (Cooper, Schindler, & Sun, 2006; Kothari, 
2004) applied in the cases where references led to the access of the other interviewees.  
As mentioned earlier, in this section, some active water management programs 
developed in some water catchment zones were identified. Some of these notable catchment 
zone programs accessed for respondents included the Pomahaka water care group in Otago, 
the Waituna project in Southland and the Selwyn/Waihora zone committee program in 
Canterbury.  
Of the 34 “model” agribusinesses/ farmers invited from the four regions considered 
for the study, 25 agreed to participate and were interviewed. Out of the 25 who agreed to be 
interviewed, 21 had the researcher visit the farm site to observe happenings for himself. Even 
 
4 The Ballance Farm Environment Awards recognises farmers who put in good practices to promote 






though justifiable, critics believe there are some limitations with the sampling methods used 
in the recruitment process for the respondents. 
Judgemental sampling in the case of this research helped guide the researcher in 
selecting only farmers who are considered industry leaders with water management by their 
peers as this will best enable the researcher deal with the research objectives concerning how 
different resource combinations improve water management in different scenarios based on 
the knowledge that farmers operate in different contexts (Cooper et al., 2006; Kothari, 2004). 
However, as emphasised by Cooper et al., (2006) and Singleton Jr et al.,(1993), the fact that 
this type of sampling techniques is based on the judgement of the researcher makes it prone 
to possible researcher bias. It is important to note that this disadvantage is only major when 
judgement about the choice of respondents are poorly conceived (Cooper et al., 2006; 
Kothari, 2004). Snowball sampling as mentioned was also necessary for the researcher to 
help gain access to other farmers who were also noted by their peers as being model 
operations with water footprint management but whose contact details were inaccessible. 
Without this technique, these farmers could not have been contacted. However, as it stands, 
critics believe that although it might be helpful, the sample should not be considered 
representative of the population studied(Cooper et al., 2006; Kothari, 2004). 
4.3.2 Data Sources  
Interviews   
A total of 25 interviews were conducted. In all the interviews, the primary respondent 
was the farm owner. In all the cases, the farm owners interviewed were the ones also 
managing the daily activities on the farm. The interview sessions were conducted face-to-
face. Before the interview took place, the consent forms guiding the data collection was 
explained to the respondent and if they agreed to the data collection process as well as how 
they data could be stored for future reference, the consent form was signed. Open-ended 
questionnaires were used. This led to the researcher visiting all the respondents and 
interviewing them on their properties. Only one respondent had the interview scheduled at a 
place other than his farm property. At the stage when this interview was conducted, 
theoretical saturation had been reached as similar themes and patterns were emerging from 
the data. In this case, the interview took place in the office of the researcher.  Face-to-face 




been cited and acknowledged (Gephart, 2004; Opdenakker, 2006; Sturges & Hanrahan, 
2004).  
The interviews lasted between 40 minutes and 120 minutes. However, the 40 minutes 
face-to-face interview was complemented with a 2-hour site visit to have a good 
understanding of the practises implemented on the farm with regards to water footprint 
management. This was the case with some of the face-to-face interviews. The interviews all 
together lasted two and a half months with the first interview conducted on the 29th of 
September 2014 and the last one concluding on the 8th of December 2014. Below is a table 
detailing the duration of the interviews  
Table 3 Details of the interview duration 
Agribusiness Type of operation Interview duration 
CB1 Mixed 65m  
CB2 Dairy 64m  
CB3 Dairy 74m  
CB4 Dairy 64m  
OT1 Dairy 66m  
OT2 Mixed 38m  
OT3 Dairy 57m  
OT4 Mixed 53m  
OT5 Sheep and Beef 50m  
OT6 Sheep and Beef 46m  
OT7 Dairy and Beef 61m  
OT8 Sheep and Beef 41m  




Agribusiness Type of operation Interview duration 
OT10 Sheep and Beef 49m  
OT11 Sheep and Beef 90m  
OT12 Sheep and Beef 39m  
OT13 Sheep and Beef 56m  
OT14 Sheep and Beef 32m  
OT15 Sheep and Beef 40m  
SL1 Dairy 55m  
SL2 Mixed 60m  
WK1 Beef and Sheep 83m  
WK2 Dairy and Beef 68m  
WK3 Dairy 73m 
WK4 Dairy 31m  
 
The interview schedule (see Appendix I) were grouped into 4 sections. The first 
section of the interview involved collecting background information on the agribusiness. This 
included the history of the farming operation, the type of farming operation and staff 
information. Following this, the respondents were asked questions requiring them to describe 
the water resources around their properties and how these impacted on their environmental 
management plans. These questions led into the researcher asking the respondents about the 
resources she/he uses to deal with water footprint management on his property, the practices 
they implemented and the process by which these resources are utilised in the water footprint 
management practices.  
Other questions in this section included questions about the influences and drivers on 
decision making concerning water footprint management infrastructural development, the 




requirements and regulations on water management at the farm level. Some of the questions 
in the second section of the interview were designed to draw out further discussions on the 
topics of resource use in various water footprint management practices. Questions included 
what affects water footprint management practices? “what do you use?” who do you use?”, 
“how do you do it?”.  
The third section of the interview schedule had the researcher asking the respondents 
about whether their water footprint management improvement practices had had any impact 
on their farm performance. During this phase of the interview, to the intension was to 
investigate the impact of water footprint management on financial and non-financial farm 
performance metrics from the farmer perspective. The last section of the interview schedule 
also had the researcher investigating what appropriate indicators were relevant for supporting 
a water footprint management resource use framework relevant to the livestock industry in 
New Zealand. 
 
Table 4 Data collected and the purpose for which they were collected 
Source of data Issue  Target research question 
Interview schedule: 
Section 1 
Knowledge about the agribusiness  Biographical picture, the 




Data concerning waterways on farms, 
equipment, infrastructure developed, and water 
footprint management practices put in place, 
influences and drivers on water footprint 
management decision making 
Research questions 1 and 2 and 3 
Interview schedule: 
section 3 
Relationship between water footprinting 
management practices and farm performance  
Research question 3 
Interview schedule: 
section 4 
Important aspects of the farm environment and 
resource use considerations relevant to 
local/international water footprint management 
framework  
Research question 2 
Observation 
In-depth understanding of the extent of water 
footprint management practices employed at the 
farm level 





The interview schedule was designed in several iterative stages. This iterative process 
involved the reorganisation of questions and re-reading.  The most important aspect of this 
entire process was to get the interview schedule to a point where it will be understood by 
farmers. Thus, making the interview “farmer-friendly”. The process of getting the interview 
schedule into a farmer-friendly format involved consultations with farm consultants, 
scientists and industry experts who have experience interviewing farmers for similar projects. 
Three consultation sessions each lasting 3 hours were enough to help finalise the interview 
schedule. Six experts were involved in this interview schedule development. All six experts 
were involved in each of the 3 consultation sessions. Pilot interviews were conducted after 
every consultation session with the farm consultants. These pilot interviews were conducted 
with farmers chosen by the farm consultants to help trial the interview schedule. 
The consultation process and the pilot led to some major changes. Firstly, after the 
initial consultations, the interview schedule was changed from a semi-structured schedule to 
an open-ended interview schedule. This was to encourage farmers in discussing the questions. 
Other notable changes included changing words like “capability” in the interview schedule to 
“skills” to ensure understanding on the part of the agribusiness respondents (farmer/ farm 
manager). The final interview schedule had 52 questions around the subject of water footprint 
management and this schedule served as a guide for the researcher to conduct the interview 
sessions. 
The interview schedule questions were designed utilising knowledge from the 
literature, experiences from field days sessions and with the research aim and questions in 
mind. This is guided by the works of  Patton (2005), Rapley (2001) and Turner III (2010) on 
the development of interview schedules.  
Observations  
Observational data through Site visits were collected as complementary to improve 
the understanding of the water footprint management practices being employed by these 
farmers. Observations are important to improve objectivity in the analysis of the interview 
data and discussions of the findings (Jorgensen, 1989; Voss, Tsikriktsis, & Frohlich, 2002; 
Westbrook, 1995). Site visits were organised in consultation with the livestock farming 
operations recruited for the study. Not all the recruited agribusinesses were able to arrange 
site visits for the researcher. However, 21 agribusinesses arranged site visits which occurred 




days different than the days the interviews were conducted. Apart from these two, all other 
interviews and corresponding site visits were conducted on the same day. During the site 
visits, photographic data was collected with the consent of the farmers. The site visits lasted 
between one hour and 2 hours. The observational data collected provided a first-hand 
verification of the water footprint management practices that were being employed by the 
respondents. 
Although the observational data collected was not used in the data analysis, the site 
visits allowed the researcher to collect over 21 hours of background information.  
4.4 Data Analysis 
The data analysis focused on the interview data. The data analysis lasted 
approximately 6 months. Beginning in January 2016 and concluding in June 2016. This 
period included the transcription of the data and the analysis.  
The interview data were gathered through the recording of the sessions. After this, the 
interviews were transcribed by the researcher and imported into NVIVO, a qualitative data 
analysis (QDA) tool (Bazeley & Jackson, 2013; G. Gibbs, 2002). The approach for the data 
analysis relied on conventional qualitative content analysis where codebook of words and 
phrases were developed for thematic analysis (Forman & Damschroder, 2008; Krippendorff, 
2004). The qualitative content analysis was driven by statements made by the respondents 
relating to practices and resources. These were coded into themes of type of resources, what 
water footprint meant at the farm level and what performance indicators were being used to 
understand the impact of water footprint management on the farms bottom-line. Word cues 
were used to aid the coding (See Hsieh & Shannon, 2005; Pope, Ziebland, & Mays, 2000; 
Russell, Ryan, & Bernard, 1998). Clarity on the content approach used is summarised by 
Scanlan et al., (1989 Pp 68) as “The process begins with clustering the quotes around 
underlying uniformities (Glaser & Strauss, 1967). The underlying uniformities (i.e., common 
threads) are the emergent themes. Clustering involves comparing and contrasting each quote 
with all the other quotes and emergent themes to unite quotes with similar meanings and to 
separate quotes with different meanings”. 
In this research, the interview data were coded into 49 different nodes classified under 
5 thematic sections based on the research questions; components of the farm environment and 




non-regulatory pressures, influences of farmer behaviour, Typology theme for resource use. 
The findings are described descriptively in the following findings chapters. These 5 thematic 
sections were noted as the first order themes. Sub-themes in second-order categories and 
third-order categories aimed at answering the research questions emerged. Find below an 














These thematic groupings and order categories were developed with the objectives of 
the research questions in mind. As an illustration, using the data structure diagram shown 
above in relation to research question 1 (How is water footprint management understood at 
the farm level in New Zealand?), the first order empirical themes illustrated by the quotes 
were composed of statements made by the respondent on how they understood the meaning 
of water footprint management on their farms and which aspect of water footprint 
management was important to them. The selection of quotes that fit answering the research 
questions were guided by keywords and phrases that were developed through the review and 
analysis of the raw interview data. Examples of the keywords and phrases that developed and 
guided the analysis of the data are shown in the diagram above. In the diagram, statements 
such as “the water footprint are broader than how much water is used to produce a kilo of 
meat. It’s the quality of water and all sorts of that” is coded as first-order empirical theme 
under the first order thematic section, components of the farm environment and practices to 
consider for water footprint management. The selection of this illustrative quote was guided 
by keywords such as “quality of water”. On noting such keywords and phrases, the quote 
were analysed to understand what query by the interviewer this quote was directed towards. 
Such illustrative quote as noted in the diagram falls under the first order theme. Analysing 
further, there is a second-order category section where the statement “the water footprint is 
broader than how much water is used to produce a kilo of meat. It’s the quality of water and 
all sorts of that” is coded into. In this example, that statement is coded into the second-order 
category water footprint knowledge exists in response to the research query of what is water 
footprint.  As illustrated in the diagram, other second-order categories linked to the first order 
thematic section components of the farm environment and practices to consider for water 
footprint management include knowledge about water footprint management, aspects of 
water footprint management focused on by respondents and components of the farm 
environment impacting water footprint management were developed. Further to answering 
the research questions, the illustrative quote “the water footprint is broader than how much 
water is used to produce a kilo of meat. It’s the quality of water and all sorts of that” is 
further coded into the third-order categories focusing on helping meet the general research 
questions objectives which in this example is water footprint knowledge: formalisation of 
concept and context. What this example shows is that the thematic findings from the second-




focusing on the main research questions. The example provided explicitly shows the 
approach used in thematic coding and analysis. The coding involved coding certain keywords 
identified or phrases related to answering the research questions. Once all the coding had 
been done, the data was reviewed and analysed in a way to ensure that information relating to 
answering the research questions were captured.  
To improve the reliability of the findings from the content analysis, frequencies of 
coded words and phrases in the texts (Guest & McLellan, 2003; MacQueen et al., 2001) were 
also analysed. This was particularly for research question 2 on resource bundles utilised by 
the respondents for water footprint management. Patterns were drawn from the coded data 
frequencies by examining co-occurrences between themes and respondents(See Guest & 
McLellan, 2003; Russell et al., 1998). This was accomplished by using cluster analysis which 
presents data in two dimensional easy visual clusters, making interpretations easier (Bazeley 
& Jackson, 2013; Guest & McLellan, 2003; Kaufman & Rousseeuw, 2009). Cluster analysis 
is a statistical approach that is used to separate data into groups based on similar attributes 
(Kaufman & Rousseeuw, 2009; Ketchen Jr & Shook, 1996). It focuses on homogeneity 
within the data set. The cluster analysis is used to determine whether the variables being 
assessed discriminate between the groups created (Kaufman & Rousseeuw, 2009). Cluster 
analysis has been used in organizational management literature especially in the strategic 
management literature to aid groupings of data in a way to ensure that the statistical variance 
among elements grouped is minimized while between-group variance is maximized (See 
Ketchen Jr & Shook, 1996). Although it has been used extensively, it has its critics who 
believe that it relies majorly on the judgement of the researcher (Kaufman and Rousseeuw, 
2009; Ketchen Jr and Shook, 1996). Cluster analysis was run in R, a statistical analysis tool 
using the frequencies associated with the themes and codes. In this research, the variables 
include the resource types and other variables of concerns including farm demographics, 
factors and influences of farmer behaviour with the practices they put in place to improve 
their water footprints. This complementary cluster analysis developed from the frequencies 
associated with the data from the qualitative content analysis approach is used to support the 
conventional content analysis used in the research. More details of the word cues developed 
to aid coding are presented in the finding chapters. The approach used for the identification of 
the influence and drivers from the word cues was inductive (Ketokivi and Mantere, 2010; 





Cluster analysis is utilised because it aims to partition datasets into distinct groups 
with each member of the group showing similar characteristics(James, Witten, Hastie, & 
Tibshirani, 2013; Kaufman & Rousseeuw, 2009). There are different types of cluster analysis 
methods and these include hierarchical and K-means cluster analysis(Kaufman & 
Rousseeuw, 2009; Steinbach, Karypis, & Kumar, 2000). One of the major differences 
between these cluster analysis methods is how the clusters are developed. K- means aims to 
partition observations into a pre-determined number of clusters whilst in the hierarchical 
clustering methods, the number of clusters emerges as the analysis proceeds (James et al., 
2013).  
Clustering is determined by the variation between the attributes of the observations. In 
the case of the study undertaken, the clustering is determined by the attributes associated with 
the farmers in terms of their practices and their influences and drivers as well as the context 
within which they operate. For K-means clusters, clustering is determined by the within-
cluster variation and the ideal scenario to encourage clustering is that the variation must be 
small between observations within the same cluster(Kaufman & Rousseeuw, 2009). 
Similarly, for hierarchical clustering, the lesser the variation between the measure chosen 
(example. Euclidean distance etc.) the higher the possibility of a cluster developing(James et 
al., 2013; Steinbach et al., 2000). For hierarchical clustering, clustering development begins 
with each observation being treated as a cluster and the inter-cluster similarities used to fuse 
clusters (James et al., 2013).  
In this study, the researcher aimed to focus on a pre-determined number of clusters 
considering a finite number of resource types identified in the literature. Thus, the researcher 
run the datasets through 5 statistical tests to determine the optimal number of clusters that 
should be considered (Stackoverflow, 2014). Below are details of the statistical tests used to 
determine the pre-determined number of clusters.  
Table 5 The optimal number of clusters found using five tests 
Method Optimal cluster no. 
Elbow method 3 
Calinski criterion 3 
Bayesian information criterion 2 




Silhouette plot 3 
 
All except one of the tests suggest there should be 3 clusters. Most of the tests also 
suggest that 3 clusters are a highly optimal number to divide the data into. Therefore, the 
farmers will be grouped into 3 clusters. More information on these statistical tests is provided 
in Appendix IV. 
K-means clusters are used in this research. K-means best advances this research by 
focuses on creating clusters through assigning data into clusters based on proximity to similar 
data points (Jain, 2010; Steinbach et al., 2000). The data points could be percentages, means, 
median and other statistics related to the frequency of references made. In this research, the 
data points focused on include the mean, median, percentages of both farmers and references 
made concerning resource combination types, influences and factors that drive water 
footprint management.   
4.5 Summary 
This chapter presented the methodology and methods utilised in conducting this 
research. The chapter demonstrates that pluralism in data analysis to enhance the perspective 
to be gained from qualitative data is ideally suited to understanding water footprint 
management at the farm level and providing contexts that can inform improvement in the 
industry with regards to improving the management of water resources. This chapter together 
with the literature review highlights the possible water footprint management approaches 
relied on by farmers and the need to understand resource use among farmers in dealing with 
challenges presented to their farm operations by the natural environment.  
The following chapters 5, 6, 7 and 8 present findings from the data and also further 





FINDINGS I: OVERVIEW OF 
AGRIBUSINESSES USED IN THE 
RESEARCH AND THE CONTEXT WITHIN 





5.1 Introduction  
This chapter is the first of four findings chapters. This chapter presents findings 
focusing on the factors that may present themselves as challenges and pressures to farmers 
developing capabilities for water management.  In Chapter 4, it is detailed that data is 
collected by interviewing award-winning livestock farmers who are noted as leaders in good 
water management practices. After the interviews, the researcher observed the water footprint 
management practices to gain a first-hand perspective of the approaches that were being 
implemented. As part of presenting findings focusing on factors that may present themselves 
as challenges and pressures to farmers developing capabilities for water management, an 
overview is given of relevant aspects of the farm business environment which might impact 
the water footprint management behaviour of the 25 farmers interviewed, including the main 
noted characteristics of these agribusinesses.  
To provide clarity on understanding the findings from the different farm business 
environments studied, pseudonyms were developed for use in the research. This is also 
necessary because, as explained in the consent form signed by the interviewees (refer to 
Appendix II), due to ethical obligations, the researcher has committed to protecting the 
identities of the study’s agribusinesses and interviewees. While an overview of the key 
attributes or characteristics of the agribusinesses is appropriate in attempting to find answers 
to the research questions, identifying details of the agribusinesses studied does not improve 
the researcher’s ability to achieve the aim of the research. 
Two categories of pseudonyms are used: one for identifying the owner/managers of 
the agribusinesses, and the agribusinesses and a second category for identifying site visit 
locations. The pseudonyms were created based on the locations of the agribusinesses, as 
shown in Table 6. Numbers are used to differentiate interviews and agribusinesses as well as 
site visits conducted in the same region. For example, OT1 refers to the interview conducted 
with respondent agribusiness number one from Otago (Interviewee OT1 for Interview 
responses relating to manager/farmer running agribusiness OT1). In the same manner, OTV1 
refers to the first site visit in Otago. As not all the farms operated by the interviewees were 
visited, Table 6 also shows the site visits that correspond to interviewees. These pseudonyms 





Table 6 Pseudonyms of site visits and interviews conducted in the study 
Pseudonym5 Meaning Interview Site Visit 
CB* Canterbury Interviews   
CBV* Canterbury Site Visit   
  CB1 CBV1 
  CB2 CBV2 
  CB3 CBV3 
  CB4 CBV4 
OT* Otago Interview   
OTV* Otago Site Visit   
  OT1 OTV1 
  OT2  
  OT3 OTV2 
  OT4 OTV3 
  OT5 OTV4 
  OT6 OTV5 
  OT7 OTV6 
  OT8 OTV7 
  OT9 OTV8 
  OT10  
  OT11 OTV9 
  OT12 OTV10 
  OT13  
  OT14  
  OT15 OTV11 
 




Pseudonym5 Meaning Interview Site Visit 
SL* Southland Interview   
SLV* Southland Site Visit   
  SL1 SLV1 
  SL2 SLV2 
WK* Waikato Interview   
WKV* Waikato Site Visit   
  WK1 WKV1 
  WK2 WKV2 
  WK3 WKV3 
  WK4 WKV4 
 
The following sections of this chapter present overviews of (1) the key demographic 
characteristics that may influence the decisions on water footprint management and (2) the 
farm environment constraints (contexts) experienced by the agribusinesses. The chapter 
concludes with a roadmap of the following three findings chapters, which address the 
research questions stated in chapter one.  
5.2 Demographics and relevant aspects of the farm businesses studied and 
the contexts influencing their operations 
5.2.1 Demographics and regional contexts of the farm businesses relating to their 
water footprint management approaches 
Table 7 shows an overview of the agribusinesses studied and aspects noted as 
influential in the water management decision making. The reported relevant farm business 
attributes include the size of the operation in terms of stock numbers and land size, the type 
of operation, the location of water resources in relation to the farm, whether the farm is 
irrigated or not and the farm owner/manager’s experience with environmental management. 




for consideration in farm operations because the context under which managers and farm 
owners operate may impact their decisions regarding resource use and developments. 
One crucial factor that is considered is the location of the agribusiness. Farms studied 
were in four regions across New Zealand – Otago, Southland, Canterbury and Waikato. The 
pseudonyms in Table 7 emphasise this. Fifteen of the farms studied were in Otago. This was 
because of their proximity to the researcher, the region’s peculiar regulatory framework and 
the increasing challenge with water-intensive livestock operations, details of which are 
elaborated later in this chapter.  
Another influential aspect of the farm identity taken into account is the size of the 
farms (ranging from less than 100 hectares to more than 2000 hectares) and the number of 
livestock (ranging from less than 100 to more than 4000). These are important for 
understanding the intensity of the farm’s use of resources such as water and land as it is noted 
in the literature review that increasing sizes of farms in terms of livestock numbers and land 
sizes are contributing to an increase in the water footprint of the livestock industry in New 
Zealand.  
As Table 7 shows, various types of agribusiness operations have been identified in 
New Zealand. The types of agribusiness operations in the study have been categorised in line 
with the classifications used by Beef and Lamb New Zealand6. These types include Beef and 
Sheep (characterised by more beef cattle than sheep in the operation), Dairy, Dairy and Beef 
(characterised by more dairy cattle in the operation than beef), Mixed (characterised as 
having proportionate numbers of dairy, sheep and beef livestock), and Sheep and Beef 
(characterised by more sheep than beef cattle). The typified livestock operations are 
important for considerations because of the different resource requirements for the operation 
as noted in the literature review. Further details of the livestock numbers associated with 





6 Beef and Lamb New Zealand (2014). Compendium of New Zealand Farm Facts 2014.  38TH Edition April 
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As pointed out earlier in the section, one crucial factor to consider in terms of context is the 
location of the farm because of each region’s peculiar regulatory framework and how that may 
influence farmers in how they approach water footprint management. The following sections 
present regional contextual findings that may be important for understanding the water 
footprint management approaches taken by farmers studied in the research.   
Otago  
As mentioned in previous sections of this chapter, 15 of the respondents are from the 
Otago region. Otago has the highest volume river in New Zealand (Land & Water New 
Zealand, 2013; Otago Regional Council, 2016) and also has the aridest area in the country 
located in the region – Alexandra with a mean annual rainfall of 358mm (Otago Regional 
Council, 2016). Approximately 23% of New Zealand’s lake surface area occurs in the Otago 
region (Land & Water New Zealand, 2013). These data emphasise the importance of water 
resources to the region’s ecosystem and economy.  
As stated in an updated regional plan in 2012, “the environmental context in which 
Otago’s water resources exist is characterised by high rainfalls in the southern alps, 
occasional very low rainfall in the semi-arid central Otago valleys with high seasonal 
evaporation rates and no guarantee of irrigation water availability, and; high erosion risk in 
places” (Otago Regional Council, 2012). With regards to groundwater, Otago’s aquifers have 
water of useable quality (Otago Regional Council, 2012, 2016). The farmers interviewed 
from Otago pointed out that the variability in rainfall across the region was a variable one that 
contributed to the decision making on what type of livestock operations they run.  
Contaminants from runoff, drainage and leaching (non-point source pollution) present 
serious challenges to freshwater management in Otago (Controller and Auditor-General, 
2011; Otago Regional Council, 2011, 2016). The regional water management plan is 
designed to tackle these issues. The major water contaminants identified in the region are 
nutrients (nitrogen NNN and phosphorus DRP), ammoniacal nitrogen (NH4), bacteria 
(E.coli) and turbidity (Otago Regional Council, 2016; Threlfall, 2011). The map below shows 





Figure 6 Map showing water quality from 2001 to 2011 
Source (Threlfall, 2011; Otago Regional Council, 2011) 
The Otago regional council in line with the RMA of 1991 guides controlling the level 
of contaminants in discharges across rural and urban land whilst at the same time providing 
for agricultural and other industrial uses, flexibility in achieving set targets and limits. 
Practices around water use on the farm in Otago are driven by resource consents. This was an 
important point made by all 15 farmers. The chart below details the process through which 
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Figure 7 Steps to determine whether a practice is allowed from a consent perspective 




The list of water-related activities that this consent process applies are listed in the 
table below. These activities are also considered under the most relevant regional plans that 
guide livestock farmers: Plan change 6A (water quality) and 4B (groundwater 
allocation)(Otago Regional Council, 2014, 2016). 
Table 8 Water-related activities on farms that the consent process applies to. 
Activities that the consent process applies to  
  
Water use and management 
Applications to take water 
The taking of surface water, groundwater, the damming or diversion of water  
  
The discharge of water or contaminants, in terms of: 
Human Sewage 
Hazardous substances, hazardous wastes, specified contaminants, and stormwater; and discharges 
from industrial or trade premises and consented dams 
Other discharges 
A wetland identified or any wetland above 800 metres in altitude 
  




Deposition of substances 
  
Vegetation: 
Introduction of vegetation to the bed of a lake or river, or of a Regionally Significant Wetland 
Removal of vegetation from the bed of a lake or river, or of a Regionally Significant Wetland 
  
Land use other than in lake or river beds 
The construction of a bore 
Drilling 
Defences against water 






Four of the respondents interviewed are from the Canterbury region. Water resources 
in the Canterbury region are generally known to be of good quality but like in most parts of 
New Zealand, human activities including livestock farming are impacting on the quality and 
quantity of these natural resources (Canterbury Regional Council, 2011).  
 
Figure 8 Freshwater resources in Canterbury Region 





The major use of water in Canterbury is for agricultural purposes (Ministry for the 
Environment, 2010a). About 80% of the water taken is used for irrigational purposes whilst 
about 13% is used for domestic purposes and the rest used by other industries (Canterbury 
Regional Council, 2011). Irrigation has become an essential part of the livestock farming 
operation sector in the region (Canterbury Regional Council, 2011). This was a view shared 
by all 4 respondents. According to CB1, CB2, CB3 and CB4, this is contributing to the 
massive use of water in the region. 
Between 2007 and 2012, the total area reported by farmers to have been irrigated 
increased by 102,400 hectares, to a total of 721,700 hectares in 2012 nationwide (Statistics 
New Zealand, 2013a). Canterbury accounted for nearly 60,000 hectares (58 per cent) of the 
total increase since 2007 (Statistics New Zealand, 2013b). This increase supported the large 
increase in dairying that also occurred in the region (Statistics New Zealand, 2013). 
Government-funded irrigation projects and farmers converting from flood systems to more 
efficient spray systems are noted as key factors that contributed to the increase (Harrington, 
2015; Pangborn & Woodford, 2011). 
In response to the changing dynamic of water use in the region, Under the RMA 1991, 
monitoring of water quality and quantity has been ongoing (Council Canterbury Regional, 
2015; Land & Water New Zealand, 2013). Findings show that. 
- Most of the wells sampled met the New Zealand drinking water standards for nitrate-
nitrogen concentration (Canterbury Regional Council, 2011(Canterbury Regional 
Council, 2011; Council Canterbury Regional, 2015).  
- More resource consents were granted in response to increasing agricultural activities 
(Canterbury Regional Council, 2008, 2011). 
- Application for resource consents for farming including livestock farming will be 
supported by farm environmental plan which has been prepared per rules in the regional 
plan  
- The major outcomes relating to these consents have not changed the fact that 
groundwater resources in Canterbury still face uptake challenges and are vulnerable 
depending on the type of aquifer, the catchments and the activities that impact it. Based 
on these challenges to freshwater, the regional council’s plan on water management is 
utilised together with other relevant plans like the Hurunui Waiau River Regional Plan, 




Waipara Catchment Plan and the Waitaki Catchment Water Allocation Regional Plan 
(Council Canterbury Regional, 2015) 
 Under these plans, the aims of the Canterbury regional council include putting in 
place programs (Canterbury Regional Council, 2009) to deal with  
- The non-point and point source discharges of contaminants from human activities such 
as livestock agriculture and urban and rural land use that contribute to the decline of 
water quality.  
- Efficiently improving the allocation of water for various industries.  
- Improving vegetation and ecosystems around water bodies that contribute to sustaining 
freshwater health in the region of Canterbury. 
 
Waikato  
Waikato has a diverse range of water bodies that includes Lake Taupo, the Waikato 
river, some mountain streams and a very significant amount of groundwater (Marsh, 2012; 
Waikato Regional Council, 2015). Understanding the context of water management with 
livestock farming in Waikato is important as four of the respondents are from the Waikato 
region.  
Groundwater makes up about 90% of Waikato’s freshwater resources (Waikato 
Regional Council, 2013b). Most parts of the region experience low water stress as a result of 
some parts of the region experiencing less than 10% of the available groundwater being 
abstracted (Waikato Regional Council, 2013). However, there are a few sites across the 
region that experience high water stress with about 30% of the groundwater being allocated 
for use (Waikato Regional Council, 2013).  
Water resources use (mostly groundwater) in Waikato requires a resource consent 
administered by the regional council (Waikato Regional Council, 2015). A point emphasised 
all the respondents from the Waikato region.  This is in line with the requirements stated 
under the RMA 1991 and rules and plans developed in the regional plan.  Water quality is 
measured in Waikato through monitoring sites chosen to represent the general water quality 
in the region. This has been going on since 1980 (Vant, 2013; Waikato Regional Council, 
2013a). 100 river and stream sites are monitored with regards to water quality indicators and 




river (Waikato Regional Council, 2013). 10 sites are monitored on the Waikato river 
(Waikato Regional Council, 2013), one of the most important water bodies in the region. 
Lake Taupo in Waikato is also one of the most monitored river bodies in the region and 
generally in New Zealand (Vant, 2013; Waikato Regional Council, 2015). The Lake has 
enjoyed considerable funding from the government to improve on the general quality.  
Water quality trends show general deterioration with regards to total nitrogen and E. 
coli at most sites along the Waikato river and the Waipa river (Waikato Regional Council, 
2013). However, it is necessary to note that water quality has improved immensely when 
compared to the 1950s (Waikato Regional Council, 2013). Rules developed by the regional 
council in the regional plan that drives farmer actions in the region in relation include 
variation 6 (water allocation) which focuses on allocation and use of freshwater all around 
Waikato. Variation 5 (Lake Taupo catchment) focuses on protecting water quality in Lake 
Taupo through the management of land uses and nutrient discharges. Another relevant 
documentation that impacts on the practices that farmers put in place is the permitted activity 
guide developed the regional council to focus on reducing impacts to water on the farm 
(Waikato Regional Council, 2016). 
Southland  
Even though only 2 of the respondents interviewed are from the Southland region, it is 
still important for the development of findings recommendation to understand the wider 
context under which these farmers from the region operate. Southland is drained by 4 major 
river catchment – the Waiau, Aparima, Oreti and the Mataura which cover 54 per cent of the 
land area of southland (Southland Regional Council, 2009). This emphasizes the attention 
that has to be paid to freshwater resources in this region. The major uses of freshwater in 
southland include domestic and industrial uses – predominantly electricity production and 
intensive agriculture(Southland Regional Council, 2014). The largest catchment in the region 
is the Waiau (Southland Regional Council, 2009). There are also other small rivers and 
streams in the southland region that contribute to the quantity of freshwater available. Some 
of these small freshwater resources include the Waimatuku stream and the Waihopai river 
(Southland Regional Council, 2009). The Waituna lagoon is a prominent water body in the 
region that has become the model for improving water quality in natural water bodies 




Freshwater demand in southland is comparably higher than most regions in New 
Zealand (Ministry for the Environment, 2010a). Since 2010, Canterbury, Southland and 
Otago have accounted for more than 80% of the total weekly consumptive allocation in New 
Zealand (DairyNZ, 2016; Ministry for the Environment & Statistics New Zealand, 2015). 
Southland had a significant increase in total irrigable land, increasing by 9,700 hectares (127 
per cent) between 2007 and 2012 (Statistics New Zealand, 2013).  
Maintaining freshwater levels at suitable levels are important for sustaining the 
environment and the economic livelihoods in the region. The regional council undertakes 
monitoring of rainfalls, river levels and freshwater flows at 40 rainfall sites, 27 flow sites and 
43 water level sites to ensure appropriate management of freshwater quantity in the region 
(Southland Regional Council, 2012).  
With regards to water quality, the southland regional council has been monitoring this 
(Southland Regional Council, 2012). In middle to lower catchment areas, many rivers and 
streams show levels of nutrients that exceed the accepted quality guidelines (Moreau & 
Hodson, 2015; Southland Regional Council, 2009, 2012). Trends between 2003-2013 show a 
steady increase in phosphorus and nitrogen in waterways and the areas where intensive land 
use activities are occurring (Moreau & Hodson, 2015)(Southland Regional Council). These 
intensive land uses include agriculture. Below is a map showing nitrate increases in surface 





Figure 9 Nitrate increase trends in surface water in Southland (2003-2013) 
Source: Moreau and Hodson (2015) 
Groundwater quality is also of importance to sustaining freshwater quality in the 
region. Monitoring of groundwater quality has been going on since 2000 (Southland Regional 
Council, 2012). Trends recently show deteriorating groundwater quality because of increased 
land uses (Southland Regional Council, 2012). 60% and 23% of the bores sampled had nitrate 




set down by the Ministry for health (Southland Regional Council, 2012). To improve these 
trends from a livestock farming industry perspective, the regional council uses its regulatory 
instruments to set down permitted activities on livestock farms. The rules on this include rule 
18 and 23 which relate to water abstraction from surface and groundwater and rules 1, 2,3 4 
and 50 which relate to discharges to surface and groundwater resources. Under new proposed 
rules, any livestock farm bigger than 20 ha will need a farm environment plan to ensure that 
water resources are being protected and being managed sustainably (Southland Regional 
Council, 2014, 2016).  
5.3 Summary of chapter five findings  
The findings note that aspects of the farm environment demographics may impact 
how farmers manage their water footprint. The aspects considered include the location of the 
farm, the size of the farm, the type of farm system, the ownership structure, and other 
characteristics of the farm system. Location of the farms was focused on because of the 
potential impact of regulations and regional pressures that may impact the decision making of 
farmers on practices they put in place on their farms.  
The farms studied were in 4 regions. Most farms were in the Otago region. The 
reasons for the choice of these 4 regions apart from the regulatory frameworks included the 
heightened negative impact of livestock agriculture in those regions in comparison to other 
regions in New Zealand and the proximity to the researcher.  
The findings show that pressure on improving on water use and impacts in some 
regions may be guided by regulatory instruments such resource consents and technological 
influences such as monitoring results from water quality and water quantity monitoring sites. 
The findings showed that contexts varied within the regions that these farmers operated in. 
Conforming to pressures (including regulatory pressures) through implementing water 
footprint management practices resulting from being in a particular context as the literature 
suggests may be valuable. As pointed out by some researchers (Berrone et al., 2013; Dacin et 
al., 2014), this may not only lead to an improvement in natural resource use but also lead to 
financial gains in value associated with bundling resources to build or grow a firm’s/farm’s 
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Another demographic factor noted that may be important in influencing decision 
making with water footprint management is the types of farms studied which include Beef 
and Sheep, Dairy, Dairy and Beef, Mixed and Sheep and Beef farms (characterised by more 
sheep than beef). Farm types are noted as influencing decision making as different farm 
systems according to the literature review may involve different natural resource use 
intensity. This is seen as potentially impactful in influencing how farmers may approach their 
water footprint management.  
The findings in this chapter acknowledge how important context is to what water 
footprint management is and how contexts might impact practices developed. Knowing the 
context is important for understanding what water footprint management means for the 
farmers interviewed as part of the research.  
Three further findings chapters are developed in this thesis. They are targeted at the 
individual research questions under study. Chapter 6 presents findings on the knowledge on 




environment farmers consider as contributing to their water footprint. This includes the 
drivers and influences that may impact the decision making of farmers in the development of 
water footprint management capabilities. In so doing, the chapter addresses research 
questions 1 (How is water footprint management understood at the farm level in New 
Zealand?). Chapter 7 then presents findings on the combination of resources by award-
winning farmers and how resources considered key resources are an important focal point in 
improving the water footprint of the agribusiness industry. This chapter addresses research 
question 2. The final findings chapter, Chapter 8, presents findings on the perceived influence 
of water footprint management practices on farm business performance. This addresses 
research question 3 (From a farmer’s perspective, how has developed water footprint 
management capabilities affected farm performance?). The next chapter focuses on 
knowledge on water footprint management practices and further findings on aspects of the 





FINDINGS II: WATER FOOTPRINT 






This chapter presents the study’s findings on the research questions being investigated 
by the study. It explores water footprint management by presenting analysed data collected 
from interviews with 25 agribusiness operators and visits to 20 agribusiness properties. The 
findings presented are a continuation of detailed farm-related challenges which are 
informative on farm knowledge about water footprint management and aspects of the farm 
environment that may contribute to water footprint.  The chapter looks at what water 
footprint management means for these agribusinesses and what aspects of their farming 
operations might impact on their water footprint and, in the process, addresses some aspects 
of research questions 1 and 2. That is, how is water footprint management understood at the 
farm level in New Zealand, and how do agribusinesses bundle resources in water footprint 
management at the farm level in New Zealand? The chapter also relies on the data from the 
interview questions directed at answering research questions 1 and 2 to further present 
findings on what water footprint compliance at the farm level from water quality and water 
quantity perspective and also detail what influences and drivers may impact farmer decisions 
on improving water footprint.  
The findings presented in this chapter were analysed using the content analysis 
approach. This content analysis approach was based on themes and nodes developed through 
perusal of the literature and the interview data. The content analysis was undertaken using 
NVIVO. In NVIVO, nodes were created to consider keywords related to objectives of the 
research and based on research undertaken on what water footprint management involved. 
For example, NVIVO queries were run around questions relating to understanding what 
issues were of importance when improving water footprint management on the farm (section 
4 of the interview questions) and frequency with which words and phrases like “Water 
quality”, “water quantity”, “water use efficiency”, “compliance” and “measurement and 
reporting” appeared were considered. Queries were also run around water footprint 
management practices and through these, keywords and frequencies relating to these 
keywords about resources utilised through these practices and capabilities being developed 
were noted. These frequency observations coupled with the themes identified through 
NVIVO was relevant in the attempt to find answers to the research questions of interest. 




1. The two aspects of water footprint management (quality and quantity) which 
contributes to understanding what water footprint management at the farm level entails. 
2. What it means to know your water footprint. This is also related to understanding the 
appropriate aspects of the farm environment contributing to a farming operations water 
footprint. 
3. What it means to be compliant in response to pressures especially regulatory pressures 
resulting from the management of water resources among livestock agribusinesses. This 
is related to understanding the context under which agribusinesses use and develop 
resource bundles to improve water footprint management 
4. The other influences and drivers of compliances among livestock farmers on water 
footprint management. 
This chapter concludes by identifying key aspects of the water resources, the farm 
environment and other drivers and influences that may impact management decisions that 
may have influenced water footprint reduction among award-winning livestock 
agribusinesses in New Zealand. The following section presents findings on knowledge about 
water footprint management at the farm level, which aspects of water are important for 
consideration and what aspects of the farm environment may be contributing to water 
footprint. 
6.2 Understanding water footprint 
As pointed out from the conclusion of the last section, this section presents findings 
on knowledge about water footprint management at the farm level. To understand how 
farmers, address the water footprint impacts of their farms, they were asked how they 
understood the term water footprint and water footprint management. First, the farmers were 
asked whether they had ever heard the term water footprint then, how they understood it and 
what their opinions were about the practice. Of the 25 farmers interviewed, 16 of these 
representing about 64 per cent had heard of the term water footprint. When asked to explain 
what they thought water footprint was, the farmers gave varied opinions. Two farmers’ 
quotes sum up the farmers’ general views about the term water footprint. 





“The water footprint is broader than how much water is used to produce a kilo of meat. 
It’s the quality of the water and all sorts of that.” [Interviewee OT10] 
Of the 16 farmers with some knowledge about water footprint, 5 understood it to be 
about water quality and quantity, the rest understood water footprint as a measure of the 
impact of agricultural products on water usage in terms of quantity impacts.  
When asked to give their opinions on the concept of water footprint management 
concerning their agribusiness industries, the farmers pointed out the issues, challenges and 
opportunities that water footprint management presents to their businesses. Three farmers 
who knew water footprint emphasized that although New Zealand agriculture was noted for 
its green image, the sector still had challenges with regards to the environment.  This view is 
summed up by the following farmers’ quotes: 
“New Zealand as a whole has got a major problem with water footprint and you can 
look at Canterbury as an example. I have heard stories and I don’t know whether it’s 
true or not but at certain times of the year, there’s so much water taken.” [Interviewee 
OT3] 
“I think New Zealand’s water footprint is probably quite large.  On the international 
market, if they decide to put labels of water footprint on products, I don’t think we will 
fare very well.” [Interviewee WK2] 
“Water footprint encompasses everything but we do know that dairy, as far as water 
footprint is concerned, downstream products involve a large use of water.” 
[Interviewee OT1] 
However, 10 of the farmers who knew water footprint pointed out that New Zealand 
is, by international comparison, endowed with abundant water resources thus suggesting that 
it is not a priority to focus on water uptake for livestock agribusinesses. These 10 farmers 
pointed out that focusing on water quantity will be a challenge to New Zealand’s agribusiness 
industry in terms of getting farmers to improve their water use efficiency. Another theme that 
emerged was the challenges associated with measuring and reporting of the water footprint of 
farms and their products. Most of the farmers were concerned about measuring and reporting 
methods and approaches and were unsure how the water footprint is calculated and reported. 




“I have read a bit about water footprints. Some of our international customers are 
pretty keen on these sorts of things. Most of the estimates that I have seen for lamb and 
beef production use a great deal more water than my rainfall and my incoming water 
combined…so tell me again about how the water footprint was calculated.” 
Despite these concerns, a major finding from this section of the interview was the fact 
that more than half of the farmers with knowledge about water footprint believe that it is still 
important that the New Zealand agribusiness industry takes the issue of water footprint 
management seriously to safeguard the country’s green image and secure agribusiness export 
markets. This general view may be summed up with quotes from the farmers: 
“I think our water footprint could be an advantage for us rather than a disadvantage 
but again, we got to be clever about how we use our water.” [Interviewee CB1] 
“I think everything needs to be in balance but I think we need to have a mind-set on 
both on increasing profitability and also improving water quality and the long term for 
New Zealand is if we can make progress and do things better, we can add more value 
so I think it’s important for New Zealand to get it right.” [Interviewee SL2] 
The findings on the knowledge of water footprint management among the farmers interviewed 
also emphasised the point made in the literature that water footprint management deals with 
two aspects of water i.e. water quality and water quantity. The following section presents 
further findings from the farmers on knowledge on water footprint and how the two aspects of 
water factor into this. 
6.2.1 Two Aspects of Water Footprint Management 
Two aspects of water footprint concerns were identified during the interviews and site 
visits: water quality and water use efficiency. As mentioned in the conclusion of the previous 
section, this is consistent with the literature on the major aspect of water that farmers deem 
important for consideration in reducing their impact on water resources. It is noted that 
although the literature uses the term ‘water quantity’, ‘water use efficiency’ is the term often 
used by farmers in reference to water quantity. Indeed, all 25 participants interviewed 
mentioned water quality and water use efficiency as aspects of water management that are 




challenges. The details of the references made by the farmers concerning these two aspects of 










of farmers  
Number of 
references  
Percentage of references 
made concerning the 
issue  
Keywords and phrases used in coding 
Water 
quality  
25 100% 213 55% "water quality", "nitrogen in water", "leaching to 
water", "quality", "nitrate", "phosphorus", 
“phosphate”, “fertilizer runoff”, nitrate losses”, 
“sediment runoff”, nutrient losses entering waterway” 
“nutrient getting into water” 
water use 
efficiency 
25 100% 171 45% "water use efficiency", "water quality", "water use", 
"water takes", "uptake of water". 
 
A common theme across all the interviews was the emphasis on water quality. According to farmers, this is a priority because water 
quality aspects were the focus of regulatory bodies. The farmers’ views on this issue are summed up by Interviewee [OT1]: 
“The impact for us now is really the impact on the water quality environment because that’s the one we will get our ass kicked for if we 





Interview discussions on the two aspects of water resources revealed that farmers’ 
decision to deal with challenges associated with water quality or quantity depended on which 
aspects the regulatory bodies in their region focused on. Farmers were found to be mindful of 
regulations and were therefore prioritising which aspect of their water footprint they focused 
on. Further to the findings, the implication from such views expressed by respondent [OT1] 
may be that farmers might tend to focus on developing key resources to build capabilities 
focused on improving on water quality rather than water quantity negative impacts.  
All the farmers reported that they were aware of regulations about water quantity but 
were of the understanding that they were not the regional councils’ focus They added that it is 
only in recent times that regulatory bodies, namely the regional councils, have started 
focusing on water quantity:  
“In the Waikato, you need a consent now to use water, you might know about it. We 
have never had it in the past but now Environment Waikato is making farmers get 
consent but it’s only if you have a certain number of cows and you use a certain number 
of water and we are just under the threshold... The reason why they brought this 
regulation into place is they think that too much water is being taken out of the ground 
resource and things like that or they just need a way of controlling the uptake of water, 
I guess.” [Interviewee WK2] 
For the farmers, reducing their impacts on water quality seemed to be more 
challenging than reducing their impact on water quantity. They explained that this was 
because they risked being fined if water quality targets were not met. In terms of the 
challenges faced while improving their water quantity use, though all of the farmers agreed it 
was the right thing to do, they pointed out that New Zealand has abundant water resources 
and that it was, therefore, feasible to utilise the abundant quantities to feed the growing 
human population. One such view was given by Interviewee [OT13]: 
“Unless we can export water to one of the countries where water is really short. Are 
we not better to produce something with it that these people can use?” 
In summary, even though water quantity or water use efficiency is important, the 




natural resource from a farmer perspective due to the external pressures they face from 
regulatory bodies and various stakeholders regarding water quality. Thus, it is important to 
take this into account when trying to understand what metrics are appropriate for a water 
footprint management framework.  
farmers pointed out that, to reduce the impacts associated with both water quality and 
quantity at the farm level, consideration should be given to factors such as climate, crops, 
fertilisers, livestock, soil and the availability of natural water resources around the farm 
environment. These factors through various effects from their influences on livestock farming 
may affect the state of water health from a quality and quantity point of view.  The impact of 
these factors from the findings are discussed in detail in section 6.5. Focusing on these factors 
is central to dealing with the challenges associated with improving water use efficiency and 
quality at the farm level.  
The findings from this section show that: 
Two aspects of water resources are identified as significant when farmers are looking to 
manage their water footprints. The farmers are usually referring to water quality or 
water use efficiency (water quantity). Water quality and quantity are aspects of water 
footprint management that are key to decision making and also avail themselves as 
aspects to focus on understanding what water footprint management encompasses. This 
finding address research question 1, which asks how is water footprint management 
understood at the farm level in New Zealand? 
Regulations influence farmers to focus on aspects of water resources and thus develop 
practices targeting the aspect being regulated. The literature review shows that 
influences or pressures from factors such as regulations impact organisations to develop 
capabilities or processes to ensure improved business performance. The influence of 
regulations driving farmers to focus on either water quality or water quantity 
emphasises the role external pressures like regulations can lead farmers to build 
capabilities through resources and processes to respond to the pressure. This finding 
address research question 2 (What are the key resources used in water footprint 
management at the farm level in New Zealand?).  
The findings on aspects of water footprint as described by the farmers interviewed also revealed 




the question of which aspect of water is important for consideration in the management of water 
footprint in New Zealand i.e. water quality or water quantity. The section below details the 
findings for this theme that developed from the interviews.  
6.2.2 Quality vs Quantity 
As mentioned in the conclusion of the previous section, one of the major findings 
from the interviews conducted was that farmers’ view about which aspect of water footprint 
is most important. Indeed, the farmers were asked about which aspect of water footprint they 
were focused on and why. Twenty-three farmers responded to these questions.  
Sixty-one per cent (14) of the farmers mentioned water quality, exclusively, as the 
priority when aiming to improve the water footprint of their operations. In elaborating, the 
farmers explained that regulatory requirements are a major reason for this focus. Current 
regulations which are skewed towards water quality improvement was influencing farmers to 
prioritise putting in place water quality improvement measures in comparison to measures 
focused on improving water use efficiency. Other reasons provided included individual 
concern for the overall health of water resources in the area or catchment zone in which they 
operate and the lack of easily accessible effective technology including measuring and 
reporting technology to help them deal with both water quality and water quantity challenges. 
These themes are highlighted in the following quotes by farmers: 
 “The water quality is currently important because that’s the one we are getting 
regulated on, while the other one is an impact from yourself. But with water use 
efficiency, you are being told to change.” [Interviewee OT5] 
“Definitely, at the moment, it’s improving our impact on water quality because, as we 
talked about, the creeks and rivers around us have been identified as some of the dirtiest 
within the Otago region. So, I guess minimising our impact on the waterway is our big 
work now and being a dairy farmer, we are targets because they say dairy farmers are 
the bad guys.” [Interviewee OT7] 
Of the 23 farmers, only 1 referenced water quantity as a priority over water quality. 
According to Interviewee [OT8], water quantity is a priority because they reside in a drier 




the amount of water they get through rainfall. This view is explained further in the following 
quote: 
“Water use efficiency probably because it’s more about because we are not irrigating, 
I am talking more about the efficiency of the water that comes from the sky. Making 
sure we have the shelter as I said to keep the moisture in the soil, the right soil 
management and subdivided off in the right pastures. It’s more about efficiency I think 
because we think if you do what is right, it will affect the water quality anyway.” 
[Interview OT8] 
When further probed on whether they will exclusively focus on one aspect of water in 
their water footprint management, thirty-five per cent of the farmers believed that both 
aspects were equally important to them, given their current water footprint reduction 
objectives. These 8 farmers pointed out that even though one aspect will always have greater 
attention due to the current regulatory regime, these two aspects were inseparable, and that 
addressing one aspect inadvertently addresses the other. This view is expressed in the 
following quotes: 
“I don’t know if one is more important than the other… water use efficiency is going to 
happen by default, through improving the impact on quality.” [Interviewee WK3] 
“I will put it that the two go hand in hand so very much from a nitrate point of view. 
Whether from rainfall or irrigation, whatever hits the ground drives through and is lost 
to the receiving environment. So, I think it goes hand in hand.” [Interviewee CB3] 
Three out of the 8 sources clearly stated that their educational experiences and 
involvement in the environmental service industry before farming play a significant role in 
their acknowledgement that one aspect cannot be prioritised over the other: 
“They are both quite important. I will say they are equal. I am big on water quality but 
most farmers won’t care much because they are not educated in it. They don’t 
know...the quality of the water is very important from that point of view. But then, water 
use is another important thing because we don’t want to overuse our water resources 
and dairy farms use a heck of a lot of water. I think it’s something. Don’t quote me on 
this, but it takes about 70 litres of water to produce 1 litre of milk and that’s a lot and 




the cows to drink. They drink a lot. So being efficient with your water use is also very 
important because you don’t want to run out of water and farmers generally try and be 
efficient. So, I think they are both important.” [Interviewee WK2] 
In summary, these findings show that, among the farmers interviewed, even though 
water quality seems to be high on the priority list for these farmers, water quantity is still 
considered important, particularly by several farmers who believe that one aspect cannot be 
dealt with without the other. In the findings, measuring and reporting is mentioned as 
influencing decisions on which aspects of water to focus on when making water footprint 
management decisions. The following section details the findings for water footprint 
measurement and reporting among the farmers interviewed. 
6.3 Water footprint measurement and reporting  
Water footprint management among the farms used in the study is skewed towards 
improving water quality. This does not mean that water use quantity improvements are 
ignored.  
Fifteen farmers discussed what they perceive as water footprint reporting and how it is 
carried out on their farms – 38 references were made to water footprint measuring and 
reporting. Keywords coded as references included “OVERSEER”, “metering”, “meter”, 
“monitor”, “measure”, “OVERSEER report”, “Fonterra environmental report”, “calculating 
water use” and “Nutrient budget report”. These findings are elaborated on in section 6.4.3. 
Findings from the interviews show that measuring and reporting on water quality and 
quantity is common at the farm level. However, about half of the farmers and farms studied 
in the research (13) measure and report more on water quality than on water quantity impacts. 
Questions that drew out responses to generate findings to this section of the research centred 
on how changes in regulatory requirements have changed water usage, how limits around 
water quality and quantity in some areas are determined, how drainage situations on their 
farms impact how they use water resources, and what they thought about water footprint 
management in general. One of the major reasons for the farmers’ emphasis on measuring 
and reporting on water quality is regulatory pressure. The farmers stressed that their focus on 
water quality was also partly driven by regional council OVERSEER7 limits on nitrogen and 
 
7 OVERSEER is a software designed to help farmers make informed decisions about their nutrient use on farm 





phosphorus leaching to the soil and water. OVERSEER limits are also being used as 
regulatory instruments to limit how much nutrients can be emitted to the environment by the 
farmers. These sentiments were echoed by Interviewees [SL2] and [WK1]. 
“I mean, we know to a greater degree what impacts on water quality and this includes 
stock in water, fertiliser runoff, it’s sediment runoff, it’s nutrient losses entering 
waterways. It’s about minimising that going forward and I mean we have used 
OVERSEER and we know how much phosphate losses we have on the dairy and the 
sheep.” [Interviewee SL2]  
“The systems are based entirely around OVERSEER predictions. The lake itself is 
monitored. Every 2 weeks, water quality samples are taken at key points.” [Interviewee 
WK1] 
“So, the whole legislation is predicated on OVERSEER. So, we were all capped on the 
year that we chose to nominate between 2001 and 2005, we were given some freedom.”  
[Interviewee WK1] 
OVERSEER is a tool that is regulatory-driven by the regional councils to help farmers 
predict their emissions of phosphorus and nitrogen and other trace metals to water. Managing 
these nutrients are important for improving water quality. The farmers stressed that the 
impact on water quality was judged predominantly on the nitrogen measured and reported by 
OVERSEER, and those whose impacts are above the council limits were deemed to be 
contributing negatively to increasing their water footprint from a water quality perspective.  
Of the 15 farmers mentioned as reporting their water footprints using OVERSEER, the dairy 
farmers employed other forms of reporting on water quality, but these forms were 
measurements and reporting which were conducted in line with industry requirements, which 
required farmers to fill prescribed forms. One of these is the Fonterra Nutrient Budget Report 
(Figure 10) that is presented to farms after they have supplied data to Fonterra.  
Reported and observed water quantity measuring and reporting practices differed from 
farmer to farmer. All the farmers interviewed were aware of the importance of measuring and 
reporting their water usage but only 4 were indeed measuring and reporting it.  This once 






water resource over the other when improving their impact on the resource. A familiar theme 
among the farmers who were measuring their water usage was that they were operating in 
areas where water consents relating to water abstraction limit their water uptake for their 
operations. This point is stressed on by Interviewee [SL2]: 
“The stock has to get access to drinking water and we are aware of the environmental 
impact that stock have on waterways. That’s why we are fencing off waterways and 
putting in reticulated water schemes and we got a bore on the dairy unit, so that gets 
water out of the ground and we have consent for that. We are allowed to use up to 
120,000 litres of water a day, so we try and minimise any wastage, such as through 
trough overflows or when there’s a leak somewhere. We try and get on it straight away 
and we measure every week to make sure we stay under our consent and limits and also 
to minimise water use.”  
Tools such as OVERSEER do not account for water usage, so farmers mentioned that 
they rely on technology such as water meters to estimate their water usage. A detailed finding 
on OVERSEER is presented in the next section.  
6.3.1 OVERSEER 
A theme emerged stressing the point that farmers reported more on water quality than 
on water quantity. Most of the reporting on water quality was being carried out using the help 
of an industry-wide tool called OVERSEER. 
A thorough analysis of the transcript revealed similar points made about reporting on 
the impact on water resources. OVERSEER was referenced 43 times by 12 farmers as the 
tool they relied on to quantify nutrients being emitted by their operations to various 
components of the natural environment including water resources. With regards to the 
function of OVERSEER, Interviewee [WK1] summarises its role by citing his scenario: 
“The lake itself is monitored. Every 2 weeks, water quality samples are taken at key 
points and they have done this for 50 years so the lake is monitored and there is some 
small number of streams that are monitored that flow into the lake. I couldn’t tell you 
which ones now but there’s no monitoring of waterways leaving farms but there’s 
intensive monitoring of our farming practices through OVERSEER so essentially, the 




far as our inputs are concerned but only if OVERSEER says that the use of those inputs 
won’t take us over our allowance.” 
OVERSEER is a nutrient budget tool developed to consider whole-farm systems and 
the operations that take place on the farm. According to the developers of the tool and the 
farmers interviewed, the model predicts transfer of nutrients to the environment as well as 
greenhouse gases reporting in the quest to provide product-based emission reporting. 
“I mean, we have always had a focus on doing things well and being environmentally 
aware but I think it’s more so now and there are a lot more tools available like we got 
OVERSEER which shows you how much nitrogen you are losing with all the water tests 
they are doing, we have information on what the water quality is whereas 20 years ago, 
you didn’t have that sort of information.” [Interviewee SL2] 
Industry research shows that the biggest challenge that farmers have to deal with is 
reducing the amount of nitrogen, phosphorus and sediments that get into water bodies from 
their operations.  
Although OVERSEER is not the only tool being used to pragmatically report on the 
priority water quality challenges bugging the industry, it is the industry standard in predicting 
the impact on water resources from a quality perspective and a guide for farmers on where 




Other forms of reporting mentioned by the farmers include the industry reporting 
framework such as Fonterra’s environmental report (Nutrient budget report as seen in Figure 
10) for farmers contracted to the cooperative group. The report also features a similar 
reporting structure with regards to nutrients leaching which is the main challenge for water 
quality in New Zealand. 
 
In concluding on the findings for this section, reporting on water footprint impacts of 
agribusinesses in the New Zealand livestock production industry is focused on the current 
challenging problems identified that affect the nature of water resources in the country. This 
is also challenge-driven because of the involvement of industry and major stakeholders which 
influences farmers focusing on the most common challenges presented which include 
nutrients and sediments that impact on water quality. 
Below is a summary of the main findings from sections (6.3). 
Farmers share varied opinions about which aspect of water is important for water footprint 
management but water quality is prominent as pointed out by farmers due to the current 
regulatory regime present. It was also noted that knowledge about the impact of farming 
activities on water influenced the inclination of the farmer towards either water quality 
or quantity. These findings address research question 1. 





Water footprint measuring and reporting are common on farms. Regulatory regimes are 
identified as a driver for these. This finding address research question 1 and 2 
A nutrient budget tool named as OVERSEER is identified to be used frequently to relate to 
the impact of farm systems on water quality (through nutrient and phosphorus 
emissions). The tool is identified as a resource used to help farmers report their impacts. 
This tool may be prevalent because of the regulatory influence of policymakers and 
regional councils who recommend the use of this tool. This finding address aspect of 
research question 2.  
Whilst OVERSEER is identified as a common measuring and reporting tool related to 
helping tackle nutrient emission to water, Water quantity measuring has been restricted 
to the use of water metering to ensure the improvement in water use Findings around 
the tools used to measure the impact of livestock farming to water address research 
questions 1 and 2. 
Water quality aspect of water footprint impacts is identified to be reported on often by 
farmers in comparison to water quantity. The regulatory regime is noted to be an 
influencer to this trend. This finding address research question 1. 
As the introductory section of chapter six mentions, this chapter not only addresses what water 
footprint management means at the farm level from a knowledge perspective but also presents 
what aspects of the interviewees farming operations might impact on their water footprint and, 
in the process, addresses some aspects of research questions 1 and 2. The next section presents 
findings on aspects of the farming operations discussed by the farmers interviewed as 
impacting on their water footprint and the water footprint management decision making.  
6.4 Aspects of farm environment that contribute to water footprint 
impacts at the farm level 
During the interviews and site visits, certain aspects of farm operations and the farm 
environment were found to be contributing to the impact agribusinesses have on water 
resources. These aspects include the climate, crops, fertilizer, livestock, soil and natural water 
bodies around the farm. The table below details the references that were made about these 
aspects of the farm environment that farmers mentioned contribute to their water footprint. 




Table 11 Aspects that contribute to water footprint and the number of references made concerning these.  















Percentage of references made 
concerning the issue 
Keywords and Phrases used for coding 
Crops 16 64% 37 10% "crop", "grass", "pasture", "chicory", "feed crop", 
Climate 16 64% 32 9% "rain", "dry spells", "weather", "rainwater", "drought", "climate", 
"climatic conditions", "winter", "wintering", "weather forecast", 
"rainfall", "precipitation”, “summer", 
Fertilizer 19 76% 41 12% "fertilizer", "nitrate", "nitrogen", "phosphate", "phosphorus", "urea", 
"Albrecht Kinsey" 









Soils 22 88% 80 23% "soil", "land", "rolling land", "soil structure", "hill country", "sand 





It is important to note that these aspects of the farm environment were identified 
based on the potential contribution they will make to understanding what appropriate metrics 
are important for developing a water footprint framework related to the livestock industry. 
6.4.1 Climate 
Climate as mentioned previously is an aspect of the farm operation environment that 
may impact water footprint management. According to the farmers and as observed during 
the site visits conducted, the decrease or increase in the water footprints of farms may be 
influenced by the prevailing climatic conditions of the area. Indeed, the farmers emphasized 
that climatic conditions such as rain and dry spells were influential in determining whether a 
farm might have a large or small impact on water resources. Rain, for example, is a feature of 
the climate which most farmers mentioned as crucial to achieving their farming targets.  This 
is also indirectly related to the water footprint impact, as rainwater affects the quality of 
surface and underground water resources. Analysis of the references to climate revealed a 
few themes with regards to the influence of climate on water footprint impacts.  
According to the farmers, rain helps drive effluent and nutrients down through the soil 
and sometimes into receiving water bodies, thereby affecting the quality of these water 
bodies. This theme is summed up by Interviewees [WK2] and [CB3]: 
“There’s a few paddocks. The front ones down here all have overflow drainage 
underneath the soil, but not really. That’s just about it. It just stops them from getting 
wet and when it rains, they dry up a lot quicker. The drainage system leads to some 
waterways and from an honest opinion, the drainage system might impact some of the 
waterways. It might do through leaching, but you’ve got to manage your land to reduce 
the nutrients getting into the water, especially the dissolvable nutrients, especially 
nitrogen.” [Interviewee WK2] 
“The next step is a couple of years afterwards. So, farm environmental plans that cover 
OVERSEER ensuring that you are using nutrient budgets, water application in 
irrigation, so some simple stuff like going around and testing your irrigators. So, if you 
think that when you turn the dial and it’s putting on 20 mm, we want to know that it is 
putting on 20 mm. So, one, you know what you are doing, you are not overwatering and 




manage their systems and sort of bringing them into the 20th century a bit.” 
[Interviewee CB3] 
Also, according to the farmers, the amount of rainfall received by farming operations 
in the operating areas can influence the way farmers use water in terms of water use 
efficiency. For example, Interviewee [OT8] mentions that her water use efficiency has 
improved because she is in a dryland area, and thus must be conscious of how she utilises 
precipitation, bearing in mind that there are limits on her ability to take water from other 
natural resources because of the dry climate prevailing around the farm environment. The 
situation on that farm was observed during a site visit and was also mentioned by the farmer 
during the interview when indicating which aspect of water footprint improvement was 
prioritised by her farming operation.  
“Because we are not irrigating and we used to have irrigated blocks. Water use 
efficiency probably because it’s more about because we are not irrigating. I am talking 
more about the efficiency of the water that comes from the sky. Making sure we have 
the shelter as I said to keep the moisture in the soil, the right soil management and 
subdivided off in the right pastures.” [Interviewee OT8] 
From this statement, she concludes that her approach improves the capacity of the 
soils to retain moisture which in turn leads to a reduction in the leaching of nutrients which 
ultimately might impact on improving water quality. Interviewer OT8 mentioned that her 
practices included planting trees which provided enough shade to improve the microclimate 
on her farm and also improve the ability of the soils the farm depended on to retain moisture. 
The influence of climate, especially rain, on water footprint is further emphasised in a 
quote from Interviewee [CB1], who uses innovative climate-related technology to improve 
his operation’s water footprint. Farmers relied on innovative products such as weather 
forecast readings, which translated into making decisions on irrigation when there was an 
impending rainfall. Such tools enabled farmers to make sure that their soils had the right 
amount of moisture to reduce the possible impact of leaching and runoff of nutrients when 
soils had no capacity for additional moisture. The quote below states one instance for 
interviewee CB1. 
“We are just in the process of installing new soil moisture probes that are 




probe data, look at the weather forecast, build a map on the irrigator and send it to the 
irrigator based on the data that we have got. So, we are trying to be more and more 
efficient with our water all the time and the more access to technology and connectivity 
and weather forecasting, the more accurate it is, the better we are going to be. Because 
if we can see that a rainfall event coming at the end of the week, then we probably 
aren’t going to irrigate. We’re going to turn off and sit on the fence and let it get closer 
to the stress point.” [Interviewee CB1] 
These findings support previous assertions that to improve the water footprint of their 
operations, farmers need to factor in the prevailing climatic conditions. 
6.4.2 Crops  
Another aspect of the farm environment mentioned by farmers as impacting water footprint on 
the farm is cropping. References such as the ones below detail what some of the farmers 
interviewed viewed the impact of crops on water footprint.  
“Any crop that is grown annually has a huge impact on the environment just by the 
process of growing of that crop.” [Interviewee WK1] 
“The grass needs the moisture to grow during the summer, but it actually just needs it 
to keep itself cool. So, during the summer, the grass is just using that water to keep 
itself cool. So, things like that are some of the things I have learnt as I have gone along. 
“[Interviewee CB4] 
Livestock farming operations are aware of the impacts that growing crops, including 
pasture, have on the natural environment. more than half of the farmers interviewed were of 
the view that growing of crops on the farm for various purposes influenced water resources 
both from a quality and quantity perspective. Growing of crops or pasture in the case of most 
of the farmers interviewed required the use of nitrogen and phosphorus-rich fertilizers. These 
fertilizers when overused and not bound in the soil and roots of the pasture are washed into 
aquifers or surrounding surface waters thus leading to impacts on the quality of surrounding 
water bodies.  From a water quantity perspective, water requirements to grow pasture may be 
higher than usual especially if there are climatic changes such as dry periods. These water 
requirements as seen in Canterbury is met with irrigation and in some cases detrimental forms 




the influence of crops including pasture to water footprint, without water to help them meet 
their pasture growth targets, their operations would be in trouble. This point is corroborated 
by Interviewees [WK2] and [SL2], respectively: 
“Well, we are constrained that nothing falls out of the sky for months. So, our pasture, 
our primary source of income, which is pasture, which is feed for cows, reduces 
significantly or disappears. So that affects us.”   
“It can be number one, when there’s no water, when there’s a problem, everything else 
stops. We probably got water for houses, water for stock and then we need water to 
make the grass grow.” 
According to the farmers, crops and pasture growth on farms is a major factor 
influencing the nutrient leaching into water bodies on and around farms. This as noted is 
linked to fertilizer use and its associated impact on water footprint. growing crops every year 
on their properties and meeting the target growth quantities will require the application of 
fertilizers supplying nitrogen and phosphorus to the plants and the soil. An imbalance to soil 
nutrient needs, crop nutrient needs and supply of nutrients through fertilizers may lead to 
consequences impacting the state of water. Interviewee [WK3] cites an example with his 
operation: 
“We tend to get focused on keeping cows out of the drains and doing all those sorts of 
things to protect the waterways. But the actual issue is what you do on your 
paddocks...because we are quite rolling so there’s potential for soil runoff and there’s 
potential for water to go down through the system and take away nutrients if you are 
not careful and looking after the soil structure. So, it’s probably more around if you 
look after the pasture on top, then you’re probably going to be looking after the soil, 
and if you look after the soil, then you will be looking after the water so you can’t do 
one without the other.” [Interviewee WK3] 
Farmers are quite open to reducing their potential impacts caused by cropping. All 16 
farmers mentioned some form of improvement practice, employed in their cropping and 
pasture operations, which they believe can improve the water footprint associated with crops. 
These farmers mentioned choosing pasture types which are resilient in terms of having 
characteristics such as reduced water demand and nutrient demands. Examples of such an 




“We grow chicory here, and so chicory is a very fast-growing plant, and it utilises 
nutrients well. It needs nutrients to grow fast. I do 10 to 12 per cent of the farm and 
every year we do chicory, which is in fair amount so what happens is that all the 
nutrients and water that was stored in the pond through the spring and early summer, 
we put it on the chicory. So basically, from December through till March. So, we graze 
the chicory off and then 20 days later, we graze it again. So, it’s on a 20-day cycle, so 
all that nutrients go onto a crop which is fast growing and uses it up, all the nutrients 
quickly” 
6.4.3 Fertilizers 
Fertilizers, which are mentioned as one of the aspects of the farm environment which 
may impact water footprint play a key role in the farming system employed by the 
agribusinesses used in the study. Fertilizers are mainly used to ensure pasture growth 
objectives are met within the pasture-based farming system run by all the agribusinesses. The 
environmental impact of its use and the effect on water bodies has been noted by regional 
councils and various regulatory bodies who look at this component when making decisions 
regarding the protection of water bodies. The impact also has been noted in section 6.4.2. It 
was noted that the impact of fertilizer on water quality is a knowledge prevalent among the 
farmers as it is an aspect featured in the OVERSEER nutrient budget program championed by 
regulatory bodies. This was a common theme that farmers were keen to highlight. In one of 
these instances, Interviewee [WK1] states that, 
“We were given some freedom. We were given some freedom to choose the year 
because 3 of those years were either droughts or water stress years so we wanted the 
right to be able to nominate a year. So, we provided farm data for that year.  Stock 
numbers, fertiliser, receipts. Everything basically, and that was put into OVERSEER 
and that churned out a number and that was what we were allocated.”  
Farmers were noted as being knowledgeable about the effects of nutrients on water 
quality in terms of impacts such as eutrophication. OVERSEER estimated the potential 
eutrophication resulting from nutrient leaching and run offs from farm operations. All 19 
farmers mentioned putting in place measures to ensure that their impacts on water resulting 




crop project, which he hopes will improve his fertiliser use efficiency, Interviewee [WK2] 
stated that,  
“We farm sustainably. So, we are productive, but we also realise that there is a limit to 
productivity and if you go over that limit, it can be detrimental to the environment. So, 
an example of that will be the use of urea or nitrogen to make the grass grow. You can 
put a certain amount on and the grass will take all that. if you put too much on or you 
put it on and there’s a big rain event and it washes into the waterways and increases 
the nitrogen load in the waterways that have a whole lot of downstream effects on native 
flora and fauna. And we don’t want to be doing that and nitrogen is a soluble nutrient, 
so will leach through the soil. So, if you put too much on, it can leach through into the 
waterways. So, we put it on instead of in big lots like instead of putting it on 4 times a 
year or something, we put it on more frequently but we put on less at a time”.  
Similar views were expressed by other farmers, including Interviewee [SL2]: 
“I mean we know to a greater degree of what impacts on water quality and this includes 
stock in water, fertiliser runoff, it’s sediment runoff, it’s nutrient losses entering 
waterways. it’s about minimising that going forward. And I mean we have used 
OVERSEER and we know how much phosphate losses we have on the dairy and the 
sheep and it’s just to get a better handle on how that works and practices we can take 
to do that better and then we have with our whole fertiliser program, we have adopted 
in the last few years a system based on the Albrecht Kinsey8 system of soil fertility” 
[Interviewee SL2]  
In summary, the farmers interviewed believe that reducing impacts on water resources 
at the farm level involves understanding crop requirements, and nutrient management with 
the crops, as well as minimising runoff and leaching potentials at various stages of 
production. This makes fertilisers an important component to consider when evaluating what 
components of the farm environment will be useful in developing a water footprint 
management framework.  
 
8 Albrecht Kinsey refers to the Albrecht Kinsey soil fertility management program designed to test soils to 
determine nutrient needs and recommend the appropriate types and amounts of fertilizers and soil 





The livestock is the heartbeat of livestock farmers’ operations. As mentioned earlier 
(refer to Chapter 5, section 5.2), the agribusinesses used in the study were categorized based 
on the type of livestock operation run. According to the 22 farmers, stock numbers are 
important in determining the impact an agribusiness can have on the farm environment. 
Indeed, their ability to make the most profits from their operations is influenced by how much 
livestock they can run with the resources at their disposal, of which water is considered one 
of the most important resources. This point is also stressed by Interviewee [OT3]: 
“As far as management goes, that’s crucial. If you run out of water one day, you know 
it. You take the financial hit immediately it impacts the cows. If the cows don’t drink 
water, they don’t make milk. So, every dairy farmer’s fear is running out of water. 
There’s nothing else that will be higher on the list. They will tell you 100 different things 
but if they get down to the nuts and bolts, it’s water. That’s the most crucial thing to do 
any of those things. Water is the number one financial thing.”  
Livestock impact water resources in diverse ways. These farmers who made 
references to it and who run diverse types of livestock operations pointed out that livestock 
impact water resources both from a quantity and quality perspective. From a quantity 
perspective, livestock impact water resources through uptake for drinking as stock water and 
other services rendered such as shed cleaning. Increasing livestock numbers mean an increase 
in water demand for livestock operations, especially through consumption. Farmers pointed 
out that the impact of increasing livestock numbers in farm operations cannot be understated 
as a major contributor to water footprint. For farmers, improving their water use requires 
putting in place measures to run livestock operations in a manner where the water use 
efficiency is improved. This may mean running livestock that consumes less water and 
running services on the farm operations with practices that improve on the baseline water use 
efficiency. An example of the impact of livestock on water use efficiency is provided in the 
quote from Interviewee [OT3].     
“The water is for the dairy shed and the stock water. When I say the dairy shed, that’s 
the sanitizing and cleaning of the actual shed so it’s cleaning of the cups and shed 
basically. The main uses are for cleaning and of course drinking water for the 




my vacuum pump are watering pumps so they run by water and then for cooling the 
milk we use water, the same water uses so the water cools the milk and then it goes into 
the wash-down tanks to hose the yard and obviously, the water goes into the effluent 
system from there so there’s no water irrigation or anything.” 
In the same manner, sheep farmers also pointed out how their livestock impact water 
resources from a water quantity point of view: 
“Main use is for livestock. Just for drinking. Stock drinking water.” [Interviewee OT2] 
From a water quality perspective, according to the dairy farmers, reducing their 
livestock impact on water quality meant reducing the amount of damage done to soils through 
urine patches from sediments being washed from the soil, and reducing the potential effluent 
being washed through the soil and ultimately into various water bodies. The importance 
placed on reducing the impact of cattle on water quality is highlighted by the following quote 
from Interviewee [OT3]: 
“It’s 200 hectares, the dairy platform. It’s got a runoff of 134 hectares which right now, 
the present time is being converted to being part of the dairy unit so we intend to start 
wintering our cows off the farm. Our main reason for that is probably water quality. 
We don’t want the hassle of worrying about water quality during the winter.” 
[Interviewee OT3] 
Sheep farmers also place high importance on measuring their impact on water quality, 
by devising various means which sometimes include fencing off waterways even though they 
are not obligated to. This fencing tended to sometimes prevent sheep from going to die in or 
very close to water bodies. When this happens, there is potential for E. coli contamination of 
proximity water source resulting from the decomposition of the sheep According to the sheep 
farmers who referenced livestock as being an important component to consider when 
reducing water footprint from a quality perspective, “sheep don’t like to stand in the water” 
(Interviewee [OT11]). For these sheep farmers, they considered this point that sheep dislike 
water as an advantage. However, they all believe that to reduce their impact on water quality, 
they will need to reduce the amount of livestock effluent getting into the water and reduce the 






Figure 11 Dead sheep found close to fenced waterway during site visit OTV9 
 
In conclusion, after analysing the data from the interviews and the aggregated site 
visits, livestock numbers and activities surrounding livestock movement and production play 
an active role in influencing the water footprint of a livestock agribusiness operation. These 
roles as noted include the water consumed by the livestock and the water used for operations 
such as cleaning of sheds and the machines used. It is thus an important component to 
consider when attempting to improve the water footprint of livestock agribusinesses in New 
Zealand. 
6.4.5 Natural water bodies 
Another factor that influences the impact of agribusinesses on water resources is the 
presence of natural water resources in and around the farm’s boundaries. All the farmers 
stressed that New Zealand has abundant water resources, not only in the form of precipitation 
but also on- and under-ground resources, including aquifers that supply water to springs, 
creeks and various streams. These natural water resources play various roles in the operations 
conducted on the farms. These roles include being reservoirs to serve the operations of the 
farming operation. These reservoirs can be sources of water input into the livestock 
operation. Natural water resources also serve as receptors (e.g. Streams to receive water 
during heavy rainfalls to prevent farm flooding) which may sometimes be detrimental to the 




fenced, the natural water bodies supply stock water to the livestock as in the case of sheep 
farming. This is quite different for the cattle/dairy farmers, as they are required by regulations 
to fence off these naturally occurring water bodies on their properties. The presence of 
natural water bodies on farms and their associated importance are stressed in the following 
quote by Interviewee [OT10]: 
“What I will say about water initially is in the type of hill country of our farm, which is 
about 70 to 80 per cent of our property, the water is the heartbeat of the farm and in 
terms of the fencing and design of the farming system, it is designed around stock 
getting access to the river to be able to get fresh water, so yeah...”  
A theme that emerged during analysis was that, when cattle have access to natural 
water bodies, they impact it more negatively than when other types of livestock are given 
access. This general theme is summed up in a quote by Interviewee [OT5]: 
“We put in a single hot wire just to keep them out. Cattle, yes. Sheep, I am not worried 
about them now but any cattle, no. Some cattle do have access to some creeks... they 
can and sheep also have a bit but they don’t stand in water. Cattle are our biggest 
impact. With cattle that have access to some water bodies, it’s only about 20 per cent 
of them.”  
As gathered from the site visits and interviews, impacts to natural water bodies are 
very much related to stock water uptake, sediment and nutrients, as well as effluent getting 
into these water bodies. It is therefore important to understand this background on natural 
water resources on and around farms, to understand the overall water footprint of a farming 
operation.  
6.4.6 Soil 
The soil was the second most referenced component of the farming environment. It is 
identified as one of the main aspects of the farm environment that plays a contributory role in 
water footprint management. According to all 22 farmers who made references, oil acts as a 
medium that transports nutrients to groundwater resources and other surface water bodies 
through the process of leaching when the soil cannot withhold nutrients due to degradation. 




“It does trap phosphorus and faecal coliforms and sediment, but in free-draining soils 
such as the ones that we have got here and in Canterbury, or some of the sand country 
elsewhere, it doesn’t work.” 
Farmers pointed out that the movement of nutrients to water bodies is dependent on 
how much nutrient is retained by the soil, and how effective the soil is at reducing the 
movement of nutrients and pesticides into water bodies, which also affects the quality of 
receiving water bodies. As noted during the interviews and site visits, New Zealand has a 
wide variety of soils (See Bureau, 1968)– the farms used in the study are a reflection of this. 
It was observed that the existence of diverse types of soils was influential in dictating how 
operations are carried out on the farms. According to the farmers, some soils have good 
retention properties and others do not. This meant that, even when farming at a reasonable 
distance from water sources, if one is operating in free-draining soils, leachate could still find 
its way into the water body. A comparable situation is described by one of the farmers from 
the Waikato region: 
“It doesn’t stop the nitrogen from going down vertically through the soil so and 
distance from the lake makes no difference as long as you are farming within the 
catchment where water from the farmland eventually ends up in the lake.” [Interviewee 
WK1] 
Similarly, one farmer in Otago described his situation where the soil conditions make 
it easy to impact the quality of water in the soil: 
“Probably the biggest detail is that what happens in this sort of country is because of 
the soil formations. What you get is different layers so you have got, you can get clays 
and you can get gravels and then you can get seems running through it. Not running 
along that way but actually running down so what happens is you got a hard clay seam 
running almost from the surface down into the gravel and the water comes into the 
gravel and hits this hard clay seam and there’s only one place it could go and that’s 
up. So, when it comes up, what it does is cause a massive wet area on top of the ground. 
Now, not always can you get grass to grow there, but if the grass does grow there or 
stock does go in onto that area, they are immediately creating dirty water and that’s 




An observation that was made during the site visits and the analysis of the interviews 
was how influential soil was in the determination of leaching limits in all the areas considered 
for the research. According to farmers, regulatory councils are setting limits on how much 
nutrients can be leached, and what constitutes bad quality in terms of sediments from soils. 
The following quote explains that,  
“Plan 6A stops us from going over a certain limit with nitrogen but we are not going 
to be anywhere near it anyway but there are a couple of other things, silage and 
sediments. You can't have sediments going into the water, we all know now that’s 
damaging for the stream but that’s been. You can’t do that.” [Interviewee OT2] 
Regulatory councils take the influence of soils seriously and this has caused all the 
farmers to be concerned about the influence of what happens on their soils, and how that 
impacts water resources on and around the farm. All the farmers interviewed and referenced 
under this component node believe that to improve the water footprint impacts, they must 
understand their soils and the capacity of the soils to help minimise the impacts of their 
operations on above and below-ground water resources. 
A summary of the findings and the relevance to answering the research questions 
from the above sections and its subsections (6.4) are presented below: 
It was identified in the transcripts that aspects of the farm system such as climate, crops, 
fertiliser, livestock, soil and natural water bodies around the farm had influences on the 
impacting the water footprint management of the farm system. These findings suggest 
that water footprint management may involve acknowledging the impacts of these 
components on the farm natural environment and considering them in any discussion 
on improving the water footprint of any farming operation. These findings address 
research question 1.  
Climatic conditions such as rain and dry spells are pointed out by farmers as contributing 
to whether a farm system has a higher or lower water footprint. These findings address 
research question 1 and 2. It is noted that under extreme unfavourable climatic 
conditions such as dry spells, farmers might potentially incorporate new practices such 
as the use of soil moisture probes to improve the efficiency with which they use water 
thus improving their water footprint management. Climatic conditions may also 




application driven by climatic conditions impacting soil nutrient balance and soil 
moisture balance. 
The farmers/ agribusiness interviewed point out the impacts of growing crops in the 
farming system on water resources. Managing water footprint means managing the 
nutrient uptake by crops and emissions to water from these crops.  The practices they 
adopt such as choosing different crops to grow relates to how agribusiness develop 
various capabilities and improve their water footprints. These findings address research 
question 1 and 2.  
Fertilisers are identified as contributing to pasture growth and also lead to nutrient 
emissions to water if not appropriately used. This is noted as information which is 
important for regulatory bodies and also used in creating regulations. Findings around 
this address research question 1. 
Stock numbers are identified by farmers as being crucial in determining the impact a farm 
can have on the environment including water. Livestock, as pointed out by farmers, can 
impact water resources through uptake (drinking) and other services such as cleaning 
and also through impacts like urine patches. This finding address research question 1.  
According to farmers interviewed, the closer a water body to the farm, the greater the 
potential of that water body to be impacted by activities on the farm. This may mean an 
increased water abstraction for various livestock farm services or the water body acting 
as a receptor to receive nutrients such as nitrogen and phosphorus leaving the 
boundaries of the farming operation.  This also means that farmers who have their farms 
closer to water bodies have to put in practices and combine resources in a manner to 
reduce the impact of their farming activities on water bodies. This finding address 
research question 2. 
Farmers believe soil is a major influencer of how nutrients leave the farm and get into water 
bodies in and around the farm. Farms with soils that retain nutrients and moisture 
effectively will not impact water bodies negatively as those that do not retain nutrients 
and moisture, Also, farmers pointed out that the soils in the area in which they farmed 
were considered by regulatory bodies when designing leaching limits for farms. This 




The next section which also details findings contributing to understanding what water 
footprint management means at the farm level and what key resources may be utilised to 
improve on water footprint management looks at findings from questions asked on water 
management compliance taking into account regulatory and non-regulatory pressures.  
6.5 Compliance from a water management perspective 
Findings from the interviews suggest that compliance with regulations and non-
regulatory pressures are important aspects of daily farm water management. Six farmers 
explicitly pointed out that conformance to compliance rules and requirements is a major 
aspect of communications between relevant members of staff in many agribusinesses. 
Farmers mentioned that they often had to remind their staff about the importance of ensuring 
that their practices complied with council rules and farmer group recommendations. These 
reminders included those around discharge rules, effluent management, daily abstraction 
limits and a host of other water use rules. According to the farmers, when managing water 
resources within the limits specified by regulatory bodies, all workers need to know the 
details of nutrient, fertilizer and effluent management, livestock water use, and the associated 
implications. This is important to ensure that the farm is not getting fined or attracting 
negative perceptions on water management. In one instance, interviewee OT1 explained the 
importance of discussions of compliance within his agribusiness: 
“In our morning meetings, effluent is always discussed – whether we’re putting it on 
or whether it’s too wet, it’s always at the top of the discussions.” 
Compliance requirements relating to the livestock farming industry are designed 
along the lines of water quality and quantity (water use efficiency) limits. This is a noted 
finding from interviews with farmers and regular attendance at field days aimed at informing 
farmers about environmental regulations in the farming industry. The farmers confirm that 
compliance requirements differ in regions around New Zealand, a point made in chapter 2 
and also noted in the contextual findings presented in chapter 5. These requirements as the 
findings have shown also impact farmers in terms of which aspects of water, they focus on to 
improve. Farmers pointed out that compliance requirements on water quality were more 
prevalent than requirements on water quantity.  In terms of water quality and water quantity 
compliance, the table below details the references made and the keywords used in coding 












Percentage of references 
made concerning the 
issue  
keywords and phrases 
water quality 
compliance  
16 64% 111 62% "keeping them out of the water", "fence to keep them out", 
"water quality compliance", "nitrogen compliance", 
"complying with nutrient limits", "strict with dairy sheds", 
"strict with effluent systems" 
water quantity 
compliance 
22 88% 67 38% "comply with water uptake consent", "complying with water 





6.5.1 Water Quality Management Compliance  
From a water quality perspective, compliance by farmers within New Zealand’s 
agribusiness industry is well documented and prevalent. The farmers interviewed emphasised 
that the prevalent nature is related to the regional councils focusing on this aspect of water. 
Water quality may be a focus of regional councils because the impacts from industries such 
as livestock farming have been well document in comparison to water quantity aspect. Of the 
farmers that made references to the importance of water quality for compliance, 45 per cent 
were sheep and beef operators, 32 per cent were dairy operators, 2.4 per cent were dairy and 
beef operators, and the remainder were mixed operations. For the farmers who made 
references to water quality compliance, they acknowledged that meeting compliance 
requirements was difficult. Reasons for the difficulty included stricter regulations and costs 
associated with putting in place practices to help meet the water quality compliance 
requirements. Farmer's response to water quality compliance is summed up as follows: 
Farmers are doing their best, within their means, to comply with water quality 
requirements. Some of what they did include using minimal inexpensive equipment to 
aid them in their compliant practices: 
“We have become aware of our responsibilities towards the environment and we've 
been keeping the cattle out of the waterways b quite often with just a single wire electric 
fence.” [Interviewee OT14] 
It is also noted that complying on water quality may lead to the development of water 
management capabilities in the long term. This finding is emphasised by farmers who 
had become effective in putting in place practices such as fencing and planting of 
natives to create buffer zones over periods. In essence, farmers’ compliance-oriented 
practices may lead to capability development towards meeting the requirements for 
water quality: 
“We like the idea of having the native plants on the farm and the side effect is the water 
quality on the farm. It’s helped and we’re as surprised as other people too on how fast 
it’s worked; so, as a strategy, no. We try to keep the animals from the waterway and 
that’s a big strategy and if we have cultivated ground, we make sure, there’s a strip 




up so I guess that’s the strategy. Not to let the sediments get into the water.” 
[Interviewee CB2] 
The farmers interviewed are of the view that even though current regulations are stricter, 
they believe that compliance around water quality is going to get difficult with 
regulations and rules getting stricter: 
“I think it’s going to be compulsory to fence your waterways. I think there’s a time limit 
on it now. They are getting stricter and stricter with the dairy sheds and with the effluent 
systems and we have been improving ours.” [Interviewee WK4] 
Furthermore, the interviews proved useful for shedding light on what farmers mean by 
compliance with water quality regulations and how they are being impacted in the process of 
meeting regulations and rules. Practices such as limiting stock access to water, appropriate 
effluent and fertilizer management, appropriate winter management of stock and land, and 
making appropriate provisions for crossing livestock across waterways are all mentioned as 
compliance-related practices to ensure that livestock farming operations are meeting limits 
set on water quality indicators. 
6.5.2 Water Quantity Management Compliance  
Water quantity compliance is noted to be less prevalent in comparison to water 
quality. This may be generally linked to the point that regulatory authorities such as the 
regional councils and organisations such as beef and lamb as well as dairy co-operatives such 
as Fonterra are not putting enough emphasis on this aspect of water in terms of developing 
rules and regulations and encouraging livestock operations to meet these compliance limits.  
Farmers pointed out that they are aware of calls by the regional councils to use water more 
efficiently. They mentioned that the regional councils are putting in place measures to 
monitor their water use, but a couple of them are not entirely sure what their limits are. An 
example of such views was expressed by Interviewee [WK3]: 
“I am in the Waihi catchment and it hasn’t come up yet. They are focusing on various 
parts, so the Piako which is right beside us, it is over-allocated as far as water goes, so 
there’s challenges in terms of increasing production and things like that so we got 
monitors on the farm for volume. How much water we are taking out? This is drinking 




through that system and at this stage, drinking water is ok so you can take that. But I 
have applied for consent for both, just to cover myself knowing that I am below the 70 
litres, which gives me the capacity to increase productivity as much as possible”. 
The farmers’ general view around water quantity compliance is that, given the 
abundance of New Zealand’s water resources, and compared to water quality, it is not an area 
that the regional councils should focus on. However, they are also of the view that if the 
water is over-allocated in an area, the authorities in charge should take the necessary steps to 
ensure that water availability is not affected. They, however, believe that, although it is not 
the focal point, farmers who do comply with water quantity standards still have a story to tell: 
“It’s a good story to tell when you are saving 30 to 40 per cent of your water and still 
driving production.” [Interviewee CB1] 
To fully understand what water use efficiency compliance means to farmers, 
questions were asked about whether they were being regulated in the context of water 
quantity and if so, what steps were being taken to ensure that they were meeting the 
requirements of the regulatory body. In response to the latter part of that question, the farmers 
stated various practices, including reticulated water systems and greenwash systems for their 
sheds. It is also worth noting that the dairy farmers were far more involved in improving their 
compliance with water quantity regulations than the farmers involved in other types of 
livestock operations. Such farmers explained that this is because of the external influence of 
major industry stakeholder involvement in ensuring that farmers pay attention to improving 
their water use. This point is stressed by Interviewee [WK3]: 
“Yes, it’s only been in the last few years that this Variation 6 is starting to be 
implemented in the area, and it is causing us to look at how much water we are using 
in our sheds and now, we have got flow meters in. The Clean Streams Accord, well it 
finished a little while ago but Fonterra has picked it up and that has come to our head 
this season.” 
Within the dairy industry, organisations like Fonterra are ensuring that water quantity 
is being improved by putting in place programs to help farmers keep track of their water use 
efficiency. The influence of such organisations in the conversation around improving water 
quantity on farms impacts farmers to be aware of the importance of improving their water use 




captured by the findings. A detailed look at the references confirms that significant portions 
of the dairy farmers’ responses focused on water quantity and compliance9. 
With regards to water quantity, a conclusion is drawn from the interviews and 
literature that there are fewer rules on limit requirements in most regions, and in most 
farming industries apart from the dairy industry. However, the farmers contend that it is an 
aspect which is equally important to improving the overall water footprint of the agribusiness 
industry. This point is summed up by Interviewee [CB4]: 
“I will say now, our impact on water quality is more important because I think our 
water efficiency is pretty good. Well, the point is (the water efficiency side, I think 
there’s not much we can do with the technology we have now. There’s probably 
variable rate irrigation but they probably go hand in hand though) but, going forward, 
it’s probably going to be more water quality. Water quality is the big issue in this area. 
It’s not the amount of water you are using. But the two do tie in together because 
obviously when you use more water then the chances of you leaching is high.” 
In summarizing the findings from these subsections ( 
OVERSEER), it is concluded from the findings that: 
Water footprint management at the farm level may just mean compliance to ensure that 
water quality and quantity limits are being adhered to (addresses research question 1). 
Water quality compliance is prevalent in comparison to quantity efficiency. This means 
that on most farms, water footprint management means compliance to reduce the impact 
on water quality (addresses research question 1). The reason for the emphasis on water 
quality compliance by farmers may be related to the focus of regional councils and 
organisations like beef and lamb, Fonterra etc. on this aspect of water. Farmers focus 
on what they are being regulated more on and this may even lead to a focus on building 
capabilities more suited to improving water quality from a water footprint management 
perspective. 
Farmers are doing their best within their means to comply with water quality. This means 
that most farmers in the study rely on practices which are not relatively costly in relation 
 
9 40.8 Percent for CB1, 33.09 percent for WK2, 34.37 percent for WK3, 25.67 percent for OT7, 28.68 percent 




to the benefits associated with improving their impact on water resources (addresses 
research question 2). This finding suggests that cost may be a limiting factor in 
developing effective water footprint management capabilities.  
Farmers understand that regulations concerning water management are going to get tougher 
and this is leading majority of these farmers to change their practices and the resources 
they combine to improve their water resources (addresses research question 2). 
Although water quantity is identified as not being a major focus because of the current 
focus of regulatory bodies and various stakeholders, it is equally regarded as important 
by some farmers. This emphasises the relevancy of both quality and quantity in the 
framework on water footprint management in the current regulatory regime (addresses 
research question 1).  
The next section further details findings contributing to understanding what water footprint 
management means at the farm level and what influences and drivers may be impacting choices 
of key resources that may be utilised to improve on water footprint management and farm 
performance.  
 
6.6 Drivers and influences that shape farmer decision on practices water 
footprint management practices 
Many impacting factors may affect the decision making of farmers in the choice of 
resources to utilise in water footprint management. The literature review had discussed some 
of these factors including the cost and ethical motives. As the previous section concluded, the 
study identified some influences and drivers that may be impacting choices of key resources 
utilised to improve water footprint management and farm performance. The interview 
findings showed there are aspects of the business environment (internal and external) that 
shape the behaviour of farmers concerning putting in place practices on their farms to 
improve their impacts on the natural environment. Analysis of the data led to themes being 
drawn out from the resulting content analysis. In the literature review chapter, it is also stated 
that, for this study, explicit external factors impacting decisions of farm business will be 
noted as a driver and any inherent impacting factor coming from within the farm business 




and phrases were used to support notes made around farmer and farm environment influences 
that shape their operational behaviours. The findings as research suggest are linked to other 
aspects of the farm business such as resource acquisition, combination and use. The 
influences and drivers identified include the farmers’ history and outlook on ownership, what 
motivates them to pursue farming as a career, compliance, cost, their pro-environmental 
conscience, the potential to gain long term benefits, potential to gain price premiums, the 
challenge of being environmentally audited, brand recognition and image, access to finance, 
perception as an industry leader and meeting triple bottom line objectives. The section below 
details the data analysis leading into the findings on these drivers and influences of water 
footprint management at the farm level in New Zealand. 
6.6.1 Detailed Data Analysis of Drivers and Influences of water footprint management 
practices. 
Descriptive statistics (mean, standard deviation) and inferential statistics (confidence 
interval and cluster analysis) were utilized to emphasise findings from the qualitative data on 
drivers and influences impacting these farmers management of water. This was after the 
qualitative data had been coded through a qualitative content analysis process in NVIVO.  
In the qualitative content analysis, word/phrase cues were used to help coding of 
statements into driver and influence types that were developed simultaneously with the 
coding. Table 13 below list the word cues and the developed influence/driver types they 
related to.  
Table 13 Word cues used in coding influences and drivers 
Influence/Driver Word/Phrase cues for coding 
Potential to gain price 
premium 
premium produce, premium, "command higher price" 
Environmental Auditing  verifying claims, OVERSEER management, "asking for information", 
"Fonterra form" 
Brand recognition, 
reputation and image 
public perception, marketing tool, single point of difference 
The issue of compliance compliance, compliant, comply, complying, "they check", checking, 




Influence/Driver Word/Phrase cues for coding 
Environmental 
conscience 
"positive good feeling", social conscience, "put everything I have 
learned into practice" 
Investment  purchased, "building infrastructure". Invested 
Cost "spending money", cost 
Perception as an industry 
leader 
"step above others" 
Triple bottom line 
objective 
"can I stay in business doing that?", financial, social  
History and outlook family farm, "it’s been in the family", "taking over the farm", succession 
planning, equity partnership, family succession, next generation 
Farming as a Career lifestyle, "enjoy lifestyle and opportunities  
Long term benefits  long term cost, "weighing up the cost", "real benefits around what we 
do", financial benefits  
 
There were checks conducted to ensure that there was no double coding with regards 
to influences and drivers identified.  
The 25 farmers through interviews pointed out that there were several institutionalised 
influences and drivers that impacted them in terms of their approach to water management. 
Twelve established contextual aspects of the farm environment are considered influential 
rules, norms and routines that drive farmers in their decisions on water footprint 
management. Table 14 summarizes the analysis of these drivers and influences in terms of 
the number of farmers being impacted and the number of times these influences and drivers 
were referenced during interviews. 
Table 14 Influences, drivers and the number of references 
 
Influences and drivers on 
farmers  
Influences and drivers’ 
references noted in the 
interviews 
Influence/Driver Number of 
farmers  
Percentage Number of 
references 
Percentage 





Influences and drivers on 
farmers  
Influences and drivers’ 
references noted in the 
interviews 
Influence/Driver Number of 
farmers  
Percentage Number of 
references 
Percentage 
Environmental Auditing  12 48 % 18 2 % 
Brand recognition, reputation and 
image 
15 60 % 32 4 % 
The issue of compliance 25 100 % 142 16 % 
Pro Environmental conscience 25 100 % 190 21 % 
Access to finance 18 72 % 55 7 % 
Cost 25 100 % 172 19 % 
Perception as an industry leader 11 44 % 18 2 % 
Triple bottom line objective 15 60 % 35 4 % 
History and outlook 13 52 % 18 2 % 
Farming as a Career 12 48 % 23 3 % 
Long term benefits  25 100 % 203 23 % 





Table 15 below presents details for each farmer interviewed and the influences and 




Table 15 Farmers interviewed and the individual influences and drivers 
 









































CB1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
CB2  






✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 
✓ ✓ ✓ 
CB4  
✓ ✓ ✓ ✓ 
 
✓ ✓ ✓ ✓ 
 
✓ 
OT1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
OT2    
✓ ✓ ✓ ✓ 
    
✓ 
OT3  ✓ ✓ 










✓ ✓ ✓ 
OT5   




OT6   








✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  
✓ 
OT8  
✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 
✓ 
OT9    
✓ ✓ ✓ ✓ 
    
✓ 
OT10    





OT11    
✓ ✓ ✓ ✓ 
 
✓ ✓ ✓ ✓ 
OT12    









   ✓ 
✓ 




  ✓  
✓ 
OT15 ✓   
✓ ✓ 
 
✓ ✓   ✓ 
✓ 
SL1  ✓ ✓ ✓ ✓ ✓ ✓     
✓ 





WK1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  
✓ ✓ 
WK2  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  
✓ ✓ 
WK3  ✓  ✓ ✓ ✓ ✓ ✓ ✓  
✓ ✓ 





Descriptive statistical analysis conducted showed that on average, these farmers who 
are industry leaders in water management in the livestock industry are contextually impacted 
by at least eight influences and drivers. At a confidence interval level of 95%, there is an 85% 
chance that these eight influences and drivers will include the push to be compliant, the 
influence of pro-environmental conscience, the cost of the practice/approach and the drive 
around long-term benefits of the approach.  
Cluster analysis to improve the validity of the interview data analysed through the 
qualitative content analysis was undertaken. This cluster analysis is also used to improve the 
objectivity of the analysis conducted. Three clusters emerged from the K-means cluster 
analysis performed. Data points used for the development of the clusters included the mean, 
the median, the number of references made, the percentage of farmers who made references 
to identified drivers and influences and the individual farmer influences and drivers. The 
clusters identified were: 
 Cluster 110: CB1, CB4, OT1, OT7, WK1, WK3  
Cluster 2: OT3, OT6, OT9 
Cluster 3: CB2, CB3, OT2, OT4, OT5, OT8, OT10, OT11, OT12, OT13, OT14, OT15, SL1, 
SL2, WK2, WK4  
Box plots were used to highlight the differences and similarities between the clusters. 
Below are the box plots  
 





Figure 12 Box plots showing all 12 influences and drivers on the same y-axis 
 
From the plots and the analysis, it was observed that major differences exist among 
the clusters in terms of the influence of cost associated with water management practices, 
compliance with regulations and industry norms, the potential to gain long terms benefits 
from water footprint management and pro-environmental conscience. In details: 
• Cost: Cluster 2 is higher than Cluster 1, and both are significantly higher than 
Cluster 3:  
• Long term benefits: Cluster 1 is higher than Cluster 2, and both are 
significantly higher than Cluster 3   
• Compliance: Cluster 2 is higher than Cluster 1 and significantly higher than 




• Pro-environmental conscience: Cluster 2 is significantly higher than Cluster 
1, and both are significantly higher than Cluster 3 
Across the clusters, all other influences and drivers which were similar had similar 
impacts and thus fewer variations were seen in these clusters. The numerical values used to 
generate the boxplots are detailed below: 
; 
 
Figure 13 The lower quartile, the median and upper quartile of each cluster across the 
12 influences and drivers 
 
The findings also noted that the practices adopted on farms by these farmers used in 
the study as discovered are driven and influenced by goals of the farmer which can be 
grouped as hedonic, gains and normative goals. The findings also stress on the impact of 
these influences and drivers on the human factor (the farm manager/owner) in the process of 
implementing practices on farms with water management. 







Table 16 Influences and drivers and how they fit into the goals driving respondents 
Hedonic Gain Normative 
pro-environmental conscience Potential to gain price premium Environmental auditing  
 
Brand recognition, reputation and image The issue of compliance 
 
Cost History and outlook 
 
Access to finance 
 
 
Farming as a career 
 
 Long term benefits  
 Perception as an industry leader  
Triple bottom line objective 
 
A boxplot detailed how the clusters across these three goals. Below are the findings. 
 










The following observations are noted concerning the goals of the respondents: 
• Hedonic: Cluster 2 is significantly higher than Cluster 1 and Cluster 3, while Cluster 1 
has a slightly higher median than Cluster 3 
• Gain: Cluster 1 is higher than Cluster 2, and both are significantly higher than Cluster 
3 
• Normative: Cluster 1 is higher than Cluster 2, and both are significantly higher than 
Cluster 3 
What this means is that there is one cluster of farmers (cluster 1) who emphasise gain 
and normative goals a lot but put low emphasis on hedonic goals. There is another large 
cluster (cluster 3) which contains farmers who put low emphasis on all three goals. Then 
there is a very small third cluster of farmers (cluster 2) who somewhat emphasise gain and 
normative goals, but what sets them apart is they emphasise hedonic goals a lot. 
The findings reveal what the researcher will term as major influences and drivers and 
minor influences and drivers. Based on the findings, the contextual drivers and influences 
considered major include cost, compliance, pro-environmental conscience and potential long-
term benefit. Below are details of these findings around these major and minor drivers and 
influences.  
6.6.2 Major influences and drivers 
Compliance  
Compliance is identified as a major effective water management driver among the 
farmers involved in the study. It is mentioned as a key consideration when decisions are 
being made regarding improving the impact of farming activities on water. The mention of 
this is about regulations and rules governing the use and dependence on water resources. 
Farmers mention that compliance with environmental regulations limits the negative practices 
they could potentially put in place on their farms. Fifteen farmers mentioned standard 
industry compliance measures as important to them when making water management 
decisions. Eleven farmers mentioned expectation of compliance as a driver to put in place 
beyond standard industry requirements. This meant usually putting in place practices 
involving the use of new high technologies to manage water.  
Pro-environmental conscience 
All the farmers insisted that impacting the environment negatively goes against their 




conscious of the impact of their operations on water resources and this was a major factor in 
influencing their approach to managing their impact on water resources. Furthermore, against 
the background of perceived challenges concerning livestock operation’s negative impact on 
water, the farmers believe changes needed to be introduced to help deal with challenges 
posed to their businesses and the natural environment.  The general theme associated with 
this driver in the statements was farmer’s pointing out that they did put in practices because 
they wanted to leave water resources in better conditions than what is considered as baseline. 
Costs 
Costs, as related to approaches and practices to improve water management on 
livestock farms, is mentioned as a crucial aspect of the financials farmers consider when 
making decisions concerning water management. Costs associated with water footprint 
management as the findings reveal range from costs associated with measuring and reporting 
software tools such as OVERSEER to hardware technology employed to improve water 
footprint such as soil moisture probes. As the results show, the cost is referenced by all the 
farmers interviewed as something they think about or influences them in their drive to 
improve the impacts of their operations on water.  In 17 references made, some of the farmers 
thought of cost as a very limiting factor but pointed out that it did not stop them from being 
generally managing their water. Cost impacted farmers in their drive to invest in newer 
infrastructure and technology that go beyond compliance. The quotes in Table 17 illustrate 
examples of the major themes identified with this driver.  
Potential long-term benefit 
The findings point out that farmers are driven and influenced by goals which include 
long term benefits when faced with complex situations such as equally ensuring a cleaner 
environment and farm performance from an economic perspective.  This was a common 
purpose driver for the farmers in the study. In the analysis, some of the references around 
potential long-term benefits suggested a strong focus on consumer satisfaction, as well as 
strong inclination to pay attention to costs and revenue. A detailed analysis of the statements 
reveals that although these farmers were keen to please customers/ consumers on the 
environmental objective front, keeping track of their cost was most important for them in 
meeting the goal of paying attention to satisfying the customer. This was an influence all the 




long-term costs of not managing water also drive these farmers to develop practices and 
approaches to match their water management objectives. 
6.6.3 Minor influences and drivers  
Potential for price premium 
Famers as noted from the analysis are keen to gain price premiums for their water 
management practices. This is against the background that gaining premium pricing from 
environmental management in the farming industry in New Zealand may be rare. The issues 
of gaining price premium from water management continued to act as a driver for a few 
farmers who had been able to develop their brands of farm produce and were gaining 
premiums as a differentiation benefit. This driver influenced the practices employed. The 
general theme noted among the farmers in the study is that premium price gain is a good 
incentive to encourage more effort from farmers in balancing production targets and 
environmental sustainability. The findings also suggest that there is a general belief among 
the farmers driven by this factor that there is always going to be a market for premium 
products and through effective and efficient water management the industry may be able to 
take advantage of that market. 
Environmental auditing 
The possibility for these farmers to be audited from an environmental impact point of 
view in New Zealand may be growing. The farmers were keen to point out they were driven 
by this factor. For these farmers, a general theme was that auditing is important for them in 
terms of uses such as claim verification for market purposes and proof of water management 
which is aimed at meeting the industry/consumer demand for water management.  
Brand recognition, reputation and Image 
Brand recognition through water management approaches is important for validation 
of the work these farmers are putting in to improve the environmental footprint of their 
livestock operation. It is seen by the farmers interviewed as a major potential point of 
differentiation which they believe will impact on the gains associated with the water 
management practices they employed in their operation. The potential benefits from brand 
recognition are noted as influencing the approach of these farmers to water management and 




identified as being driven by these factors also stressed the importance of the farm’s 
reputation and image which they closely associated with maintaining and protecting the 
environment in which they operate.  
Access to finance 
A recurring theme during the analysis of the interview data was the issue of access to 
finance (ease of access to finance) required to improve the impact of livestock farming 
operations on water resources. The importance of finance as a driver was referenced by some 
of these farmers as a resource which when in lack affects the potential to put in effective 
water management practices.  The findings also show that the ability to financing water 
management related activities such as training and infrastructure development ensured that 
some of these farmers meet compliance standards and, in some cases, go beyond standard 
industry compliance with reducing impacts to water. Statements to illustrate this are noted in 
Table 17. 
Perception as an industry leader  
There were eleven farmers whose drive to put in place water management practices 
stemmed from the belief that they are viewed as industry leaders by other farmers based on 
their history in environmental management. The drive to be still seen as leaders in 
environmental management practices including water management as noted by these farmers 
lead them to implement various practices aimed at improving their impacts on water. A 
detailed look at the references revealed that these farmers are at the forefront of applying 
innovative technologies and are also effective at putting in place industry compliance 
practices. 
Aim of triple bottom line objectives 
The desire to implement a triple bottom line approach when making decisions around 
water management emerged as a theme among some of the livestock farmers interviewed. 
According to these farmers who mentioned being driven by this factor, the desire to actively 
manage their effect on water is based on the economic implications of their decisions and the 
social and environmental implications. However, these farmers were also keen to point out in 
some instances, when crucial decisions needed to be made, one aspect of the bottom-line 




regarding the desire to improve situations with water. For most farmers, the economic 
drivers/ benefits seemed to be the most important driver.  
History and outlook  
As found out during the interviews, the farmers' history and outlook on ownership put 
into perspective the context within which these farmers operated and how that context 
influenced their approach to managing their water in a way that they will be considered as 
leaders. The issue of inheritance played a major role in their circumstances. Through 
inheritance and the desire to keep the farming operation in the family for generations, farmers 
were identified as making decisions with this in mind. With regards to water management, it 
was noted that 52% of the farmers were inclined towards putting in place practices to 
safeguard the future of their farms. This meant being influenced to put in practices whilst 
focusing on the cost and benefit implication on the farming operation staying in the family. 
To sum this up, the findings suggest that the outlook of farmers on passing the farm onto the 
next generation is influencing farmers in choosing their approaches to improving water 
management.  
Farming as a career 
The goal of ensuring that one benefits from livestock farming as a career in terms of 
what it offers in the form of “good balance” (income and lifestyle) was identified as a major 
influence on farmer decision making regarding the environment and specifically water 
management. It was a theme noted. The farmers who pointed this out explained in references 
that they always thought about the possibility of their actions impacting negatively on their 
income and lifestyle which has been generated from their operation and those thoughts 
influenced their decisions regarding practices around the management of water resources. 
The quotes in Table 17 illustrate examples of some of the scenario references made by the 
farmers.  
 Below are illustrative quotes that summarise the view of the farmers with regards to 












“There’s always going to be a demand for the premium lamb produce and the demand is 
there...we haven’t got a brand strong enough so that we can also command a higher price or 
go look for it. But to get that brand, we have got to get rid of the farmers who are polluting 
the waterways or not looking after them.” [OT15] 
CB1, OT1, OT15, WK1 
"What we have learnt is if you tell the story right and its believable and you form decent 
relationships with everyone in the value chain, consumers will pay a premium but you have to 




“At the same time, we approached the regional council and said you are asking us to cap our 
farming operations and you are also asking for a lot of information each year to confirm that 
we are adhering to the cap. So, we could look at that as a negative or as a means of verifying 
some brand claims that we make around water quality.” [Interviewee WK1] 
CB1, CB2, CB3, CB4, OT1, OT3, OT7, 
OT8, SL1, WK1, WK2, WK3 
“Through Fonterra, you have to fill out a form and check out effluent and what you are doing 
with water management. And then we are doing the OVERSEER management too with the 
fertilizer company. And the irrigation scheme company is also asking for more information as 
well with regards to what you are doing on-farm. They want to know the input of feed you are 
putting in, the fertilizer, how much nitrogen fertilizer you are putting on, what your stocking 




“There’s a lot of pressure from public perception. Public perception probably drives a lot of 
what we do. This farm is intercepted by the main road from Southland through to Central 
Otago. So, a lot of cars go through, particularly in the summertime and it’s the main road so 
a lot of cars go past here. A lot of guys look at us and I have heard the odd comment of ‘you 
CB1, CB2, CB3, CB4, OT1, OT3, OT5, 








illustrative quotes  Agribusiness/farmer 
reputation 
and image 
guys are the ones polluting the river, look, you left your cows down there’. That’s when 
probably it's decided that that’s not very good in terms of public perception” [OT7] 
“For a case like our beef as a marketing tool, we are using it very differently now with an 
environmental tick. And that’s inherent in our brand and that’s the single point of difference 
that we have with any other beef produced in the world.” [WK1] 
Complianc
e 
"We are finding that with regards to farming, the compliance overall is increasing so I mean 
we need to be keeping a lot of those management plans and documenting a lot more."[OT4] 
CB1, CB2, CB3, CB4, OT1, OT2, OT3, 
OT4, OT5, OT6, OT7, OT8, OT9, OT10, 
OT11, OT12, OT13, OT14, OT15, SL1, 
SL2, WK1, WK2, WK3, WK4 
You want to be compliant as well with ECAN especially now when you have won an award, 
you will want to be more compliant so it’s sort of making sure we are on the right track with 
what we are doing here [CB4]. 
"They have asked you nicely to fence them off but it’s written that they could not take your 
milk if you don’t comply. they can refuse to take your milk if your waterways don’t comply 
and they are very powerful and they are more powerful than the regional councils and every 
year… you have a farm inspection or a shed inspection with a Fonterra consultant to make 
sure everything is cleaned and tidy to start with and they are checking to see whether you are 
complying with the milk quality side of things but they also actually check the effluent system 




“There is probably a positive good feeling about what I have done here and this reduces the 
social conscience of the negative feeling associated with not doing my part to improve water 
quality” [OT12] 
CB1, CB2, CB3, CB4, OT1, OT2, OT3, 







illustrative quotes  Agribusiness/farmer 
ntal 
conscience 
“In my previous career before farming, I was involved in the environmental industry and I 
was an environmental advisor. So, I will advise people on how to manage their land and look 
at indigenous biodiversity, soil conservation, water conservation that sort of thing. So, when 
we came to farm, I just wanted to put everything I had learned into practice really, rather 
than advising people. I wanted to do this myself so this farm is a good model for 
sustainability, environmental sustainability” [Interviewee WK2] 
OT11, OT12, OT13, OT14, OT15, SL1, 
SL2, WK1, WK2, WK3, WK4 
Access to 
finance 
“We purchased it and we have been here for 15 years. And when we first purchased it, it had 
limited infrastructure. Our cowshed and land were not a good fit for our system and for the 
cows so over the last 15 years, we have been building that infrastructure and making it better 
every year. And now we are at a point where we have got a sustainable, what we think is 
sustainable and ongoing for years to come.” [OT1] 
CB1, CB2, CB3, OT1, OT2, OT3, OT5, 
OT7, OT8, OT9, OT10, OT11, OT12, 
SL1, WK1, WK2, WK3, WK4 
“So, we are trying to be more and more efficient with our water all the time and the more 
access to technology and connectivity and weather forecasting…so we have invested heavily 
in technology and that is making a big difference to us.” [CB1] 
Cost “If I can see a financial advantage by doing something or a management advantage by doing 
something, then I am straight into so if I can justify spending some money to make more 
money or spending some money to make life easier then it’s quite a no brainer, it’s quite easy 
to do.” [Interviewee WK3] 
CB1, CB2, CB3, CB4, OT1, OT2, OT3, 
OT4, OT5, OT6, OT7, OT8, OT9, OT10, 
OT11, OT12, OT13, OT14, OT15, SL1, 
SL2, WK1, WK2, WK3, WK4 
"We are spending about 10 per cent of our turnover which could have been complete profits 
on our added environmental sort of things so we not a very big business but we probably 
spent at least 50 to 60 thousand dollars a year on those nice to have things if they make 







illustrative quotes  Agribusiness/farmer 
thousand dollars more but we believe that we will make more than 50 thousand dollars in the 





“I think we are a step above most people. Most people use common sense but this farm is well 
managed. Fences are really good quality. They are not just a single hot wire; they are good 
quality fences. And we have a passion for the environment, and the owners of the farm do but 
other farmers… just do the bare minimum, just comply but we don’t just comply, we do 
more.” [Interviewee WK2] 
CB1, CB2, CB3, CB4, OT1, OT7, OT8, 
OT15, WK1, WK2, WK3 
“I am on the committee for the area sustainable land management group and we started it up, 
me and a group of farmers 12 months ago. Used to around in the 1980s but it died out and we 
started it up again. I am the only sheep and beef farmer in there and I am the only dryland 
farmer on there so that kind of indicates to you that we are a wee bit out on the limb but I 
think we are about 5 years away as a sheep and beef industry from getting up to speed. Sheep 





“Now, it’s a done deal. I know what I am doing for the environment. We have accepted a cap. 
We have done all these other things so the environment now is the bottom line... What I don’t 
know is whether I can stay in business doing just environmental. In terms of making 
decisions, I know what I can and can’t do with my triple bottom line.” [WK1] 
CB1, CB4, OT1, OT3, OT5, OT6, OT7, 
OT8, OT11, OT12, SL2, WK1, WK2, 
WK3, WK4 
“Probably not so much financial but the social side of it is another one. Some people use that 




“It’s a family farm. My parents settled on this border back in 1953 so it’s been in the family 
ever since, with my youngest son running it now…It was a sheep and beef farm. 8 years ago, 
we decided that because we have 2 sons, them going into a sheep and beef situation was not 
CB1, CB2, CB3, CB4, OT1, OT3, OT4, 







illustrative quotes  Agribusiness/farmer 
outlook on 
ownership 
going to be a reality so we converted to dairy and increased employment. It gave them both 
employment on the farm and gave them a far better chance of taking over the farm. We got 2 
daughters as well so the main thought of going dairy was for succession planning.” 
[Interviewee OT3] 
“As far as equity partnership is concerned, so the business side comes down to profitability 
and after this point, we have spent the last 5 years using the money to develop the property so 
the water schemes, tracks, fencing so we have increased the stocking rates. Probably a 1000 
thousand stock unit over the last 4 years and that’s where I am going.” [OT9] 
“We talk about production vanity, profit sanity and when you got lots of profits then you have 
got lots of options and there’s talk often around things like family succession and how you 
bring the next generation in and all sorts of things but if you are not profitable then you don’t 
have to worry about family succession because there won’t be any because you are not 




“We only moved to Southland in 2002. Before that, we never farmed before. It was for a 
lifestyle and progressively, we have just moved in from working on the farm for a couple of 
years to buying in and taking over the share milking role. There’s the good financial gain if 
you’re clever with the environment” [SL1] 
CB1, CB3, OT1, OT4, OT5, OT11, 
OT13, OT15, WK1, WK2, WK3, WK4 
“I had the opportunity to take over two years ago and I want to get along in the farming 
industry and enjoy the lifestyles and the opportunities that come along from being in sheep 
farming. We run, well, this year, I have been running 2100 ewes and 550 hoggets’ and 100 













“I guess it’s weighing up on one hand the cost, the immediate costs and the long-term cost 
because everything has an immediate cost because if you going to sustain something, it has 
an immediate cost because you have to protect that and that’s the immediate cost. And it’s got 
a long-term cost because it’ still has to be maintained and you’ve got to be aware of that 
when you are making decisions.” [OT3] 
CB1, CB2, CB3, CB4, OT1, OT2, OT3, 
OT4, OT5, OT6, OT7, OT8, OT9, OT10, 
OT11, OT12, OT13, OT14, OT15, SL1, 
SL2, WK1, WK2, WK3, WK4 
“Lots of what we do with the precision agriculture company are trialled here and tested so 
we know they have got some real benefits and some real numbers around them. so, there are 
environmental benefits but there are also financial benefits so those two things for us aren’t 





6.7 Summary of chapter six findings  
The findings showed that farmers view of water footprint management is different. 
Some of the farmers viewed it from a water use efficiency improvement whilst the majority 
of them understood it to mean improving impact on water quality. Farmers viewed water 
quality to be of more importance to New Zealand than water quantity since New Zealand 
generally had a relative abundance of water. Two aspects of water were noted to be important 
for the farmers interviewed. These two aspects were water quality and water quantity. The 
findings are consistent with the discussion in the literature review about the two major 
dimensions of competing uses i.e. water quality and quantity (Canterbury Regional Council, 
2008; Kaye-Blake et al., 2014).  
The findings reveal that for water footprint management at the farm level in New 
Zealand, considerations are given to factors such as climate, crops, fertilisers, livestock, soil 
and the availability of natural water resources around the farm environment. These factors as 
the findings demonstrate can contribute to a higher water footprint or a lower footprint 
depending on how much consideration is given to them when putting in place farm practices 
to improve water footprint. It is noted from the findings that farmer practices towards an 
aspect of water are influenced by how intense the regulatory pressures towards this aspect 
are. Majority of the farmers pointed out that their focus was on water quality management 
and the reason for this was that the regulatory push from their councils was skewed towards 
water quality. This findings on aspects of water focused on were consistent with the literature 
discussing that the decision-making and practices employed for water footprint management 
might skew towards a focus on either the quantitative impact on the water resource or the 
qualitative aspect, depending on the objectives of the individual or organisation (Mekonnen 
et al., 2012; Pahlow et al., 2015).  
Farmers pointed out the importance of measuring and knowing their potential impact 
on water as a driver to improve their water footprint. Many of them mention the impact of 
OVERSEER in influencing their water footprint management. Compliance to rules and 
regulations are also noted as an important driver of water footprint related farm practices. 
According to the farmers, this is a theme that regional councils focus on when developing 




as the findings show manifests itself as a driver in directing how farmers improve their 
impact on the natural environment including water resources. Compliance differed across 
regions and even councils and this is noted from the findings as a contextual driver 
influencing what practices are to be implemented to improve water footprint. Farmers pointed 
out that complying to water quality rules and regulations were more prevalent in their daily 
processes than compliance with water quantity rules and regulations. 
The findings from compliance and contextual perspective identify a group of 
influences and drivers that according to the farmers impact their resource acquisition, 
combination and use. These influences included farmers’ history and outlook on ownership, 
what motivates them to pursue farming as a career, compliance, cost, their pro-environmental 
conscience, the potential to gain long term benefits, potential to gain price premiums, the 
challenge of being environmentally audited, brand recognition and image, access to finance, 
perception as an industry leader and meeting triple bottom line objectives.  
The findings also presented 3 developed clusters based on influences that may impact 
on water footprint management behaviour of farmers. Costs, compliance, the potential to gain 
long term benefit with water footprint management and pro-environmental conscience were 
noted to be major differentiators between the 3 developed clusters. The findings from the 
farmers' influences also show the impact of different goals of farmers being influential when 
managing their water footprint. 
This findings chapter has provided answers to the question of how water footprint 
management is understood at the farm level in New Zealand and what may impact the 
decision making on key resources used to build capability for water footprint management. 
Two aspects of water are noted to be important in the discussion on water footprint 
management. The next chapter further focuses on practices that the farmers utilise and the 
key resources that are employed for water footprint management taking into account the 





FINDINGS III: RESOURCE AND 
INFLUENCES IN WATER FOOTPRINT 




7.1 Introduction  
This chapter presents findings on how effective combination of resources is important 
in the drive to improve the water footprint management of the livestock agribusiness industry. 
This findings chapter focuses on the identification of resource types and resource 
combinations for water management capability development on the farm to improve water 
footprint management.  
It also presents findings aimed at understanding which resources are key for 
improving water footprint management.  As explained in Chapter 4 (Methodology), data 
collected from interviews with agribusiness operators were analysed through content 
analysis. In undertaking the content analysis, nodes containing statements with keywords and 
phrases were created in NVIVO around the themes identified relating to these resources. In 
this chapter, the following objectives with answering research question two are explored: 
1. The practices that the farmers put in place 
2. The key resource types used by farmers and the roles these resources play. 
3. The resources combinations used by these agribusinesses to develop their water 
footprint management capabilities. 
The chapter, therefore, addresses research questions 2: What are the key resources 
used in water footprint management at the farm level in New Zealand?  The next section in 
this chapter presents findings on practices that farmers put in place towards water footprint 
management and proceeds further after the section to present findings on resource 
combination grouping based on the practices identified.   
7.2 Farming practices identified as helping farmers reduce their water 
footprints 
Water footprint management involves putting in place practices to improve water 
impacts. Questions were asked of the farmers during the interview regarding how waterways 
impact their environmental management and what practices they put in place to minimise 




The practices as identified were either geared towards improving water quality or water use efficiency (water quantity). As part of further 
eliciting responses on practices aimed at improving on water footprint, farmers were also asked questions on what the farm’s biggest investment 
in water management is. Below is a table showing some of the practices identified from the data analysis.  The identification of these practices 
was crucial to presenting findings on key resources that may be useful in water footprint management.  
Table 18 Farm practices identified, numbers of references made and the keywords and phrases used in coding 
 
Practices implemented by 
farmers  
References noted of practices 










references made Keywords and phrases used in the coding  
Riparian buffers 16 64% 64 9% 
"riparian" "created buffers" with plants", "riparian buffers", "buffer zone", 
"cropping beside river" 
Fencing off  24 96% 353 48% "fencing", "fence", "barbed wire", "electric fence", "fenced off",  
Provision of stock 
water system 22 88% 85 12% "water trough", "trough water system", "reticulated water system", "dam water",  
Stock crossings  10 40% 26 4% "stock crossing", "culverts", "bridges",  
Grazing and winter 
management  23 92% 204 28% 
"finishing early", "wintering", "moving cows over winter", "cow house", 
"structure to house cows during winter", "herd home", 
 
Practices that were being implemented by farmers ranged from what the industry prescribes and other voluntary initiatives undertaken by 




zone creation as important prevalent practices that they relied on daily on their farms to try and reduce their water footprint particularly their 
impact on water quality. These zones are important in supporting diverse vegetation around water bodies which may lead to maintaining the 
healthiness of water resource. To sum up, how riparian planting and buffer zones are seen as practices that help farmers reduce their water 




“We have done some water quality testing that was probably 5 years ago and yeah, it’s 
pretty much the same levels going in and out and except when we have cropping, winter 
cropping paddocks that were adjacent to the stream and the levels were lifting so we 
certainly have done some work since then leaving larger buffer zones near the creeks 
when cropping is beside them so hopefully we have improved that but we haven’t done 
the testing for 5 or 6 years now.” [Interviewee OT12] 
These practices emerged in the analysis as being common among both sheep and beef 
farmers. However, some of the dairy and beef farming practices also mentioned it as a useful 
practice. In terms of impact, farmers pointed out that these zones were noted as filtering what 
was going off the farmlands before entering waterways on the farm or outside the farm.  
 
 
Figure 16 Buffer zone riparian planted as seen during site visit OTV8 
 
Another notable practice mentioned by farmers as impactful is fencing off waterways. 
Fencing off waterways, the farmers emphasised is a common practice employed by farmers 
across New Zealand. This point was made by all the farmers.  Almost 42 per cent of these 
references on fencing off waterways were from sheep and beef farmers with water resources 




operations with water resources on the boundary of the farm. Dairy farms accounted for 
almost 20 per cent of the references that were made for fencing and all these dairy farms had 
water resources on the farm. Mixed operations with on-farm natural water resources 
accounted for 23 per cent of the references made with regards to fencing. Dairy and beef and 
beef and sheep operations with on-farm natural water resources accounted for 11 per cent and 
1 per cent respectively of the references made by 24 farmers. 
In summary, this practice is mentioned as an effective way to reduce the impact of 
their livestock agribusinesses on water quality. It is mentioned by farmers that fencing off 
waterways which leads to exclusion of livestock from waterways leads the creation of 
ungrazed margins along the banks of waterways which may have the ability to filter 
contaminants and prevent pollutants from entering water resources. A few statements made to 
emphasize these points include the quotes from Interviewees [CB1] and [SL2].  
When asked if livestock potentially impact waterways on his farm, Interviewee [CB1] 
responded by stating that 
“I will say no and the reason why I will say no is that we have got some stock water 
oasis and they are fenced off and there’s a track that runs beside them and the tracks 
are sloped away from it so there’s no stock going anywhere near any waterway at all 
so there should be no impact and no impact on groundwater because we are 
maintaining. We have no drainage so we should have no nitrates dropping out of this 
property into the groundwater.” 
In a response to a question concerning his general approach to farming in an 
environmentally benign way, Interviewee [SL2] responds by stating that 
“That’s how we see water as important for us, for living here, the stock has to get access 
to drinking water and we are aware of the environmental impact that stock have on 






Figure 17 A fenced-off waterway on-site at OTV4 
 
Another notable practice is the use of trough water systems or reticulated water 
systems to ensure stock exclusion from waterways.  Provision of stock water practices 
reduced the contact between livestock and natural water bodies on the farms thus reducing 
the potential of livestock getting direct access to these water bodies and impacting the quality 
and quantity. These farmers mentioned that they were employing these practices to improve 
their water footprint on natural water bodies on their farms and also make the management of 
their livestock easier. A common benefit identified which became a theme in the mention of 
trough water systems and reticulated water systems is that having troughs or reticulated 
systems on the farm also improved animal health thus helping achieve production targets. 
Animals were less likely to consume water of low quality in comparison to water supplied 
from reticulated water systems or troughs.  
The farmers who made such references were also of the view that putting in troughs 
and reticulated water systems improved water use efficiency of the livestock operation by 
minimising water wastage associated with consumption of water by livestock.  This view is 
stressed by interviewee [OT5] 
“If you put in improving your use efficiency say going from dams into water troughs, 
you going to get more efficiency there because it’s not getting dirty and stock are getting 





Figure 18 Drinking trough seen during site visit WKV2 
 
Farmers also mentioned the development of stock crossings which will minimise 
stock trudging through waterways and which will potentially minimise water quality 
degradation resulting from moving stock through water. Ten farmers referenced this as a 
practice they have put in place to help improve their water footprint.  
Other notable practices mentioned related to managing crop, livestock, fertiliser and 
measures that involved the use of advanced technology are presented in the following 
sections 7.2.1 and 7.2.2.  
7.2.1 Management Practices utilised by farmers to reduce their water footprint 
This section is a continuation of the findings on farm practices employed by farmers 
to improve on their water footprint. This section focuses on management practices noted by 
the farmers as not involving a high degree of technological input.  
Farm management decisions as discussed in the literature review are important for 
reducing the impact of agribusinesses on water resources. Management decisions taken by 
respondent farmers on water footprint improvements at the farm level included grazing 
management and winter management. These are related to livestock management, soil 
management, pasture management and nutrient management.  
Livestock management was found to be an important aspect of water footprint 
management. The farmers who referenced this cited grazing and winter management as 




among the farmers who mentioned these practices as important was their knowledge that 
running of livestock during winter was more damaging to the environment particularly the 
soil and water bodies than when livestock are run at other times of the year. According to the 
farmers, this was something that they had learned through experience and education at field 
days organised by industry research bodies. The view of the farmers concerning this is 
summed up by Interviewee [WK1]: 
“We were using Hereford Friesian cross cows with a bull so we had a 3-way cross, 
terminal sire arrangement and we were growing really good cows but the nitrogen 
leaks from the cows are too high so we got rid of all those by 2007 and since then, we 
have been buying in young stock. Finishing rapidly, attempting to have no animals left 
by the second winter or the second year so as they approach their mature body weight 
they are gone. As the science showed us, once the animal gets close to the mature body 
weight, its urination patterns changes and its feed conversion efficiency reduces so we 
can’t afford to have those on our property so that’s been the fundamental change.” 
[Interviewee WK1] 
Wintering management according to all the farmers is primarily aimed at soil 
protection and secondarily water quality protection. For the farmers, water quality 
management using wintering management of livestock provided them with an opportunity to 
avoid fines and risks associated with deteriorating water quality on their farms. According to 
these farmers, grazing and winter management involved moving livestock off farms with 
water bodies on and around to create a situation where the potential to affect any water bodies 
is low and this process also sometimes includes the introduction of building structures which 
are designed to keep livestock off the land during the winter periods.  
The dairy farmers made references to this farm-level management technique by 
stating instances where they either had to move their stock away during the winter periods or 
build structures to house them. Some statements that were made to this effect include the 
ones below: 
“We don’t want the hassle of worrying about water quality during the winter. We quite 
prepared to let somebody else try and devise ways of looking after the cows without 




“I have heard the odd comment of you guys are the ones polluting the river, look, you 
left your cows down there. we probably decided that that’s not very good in terms of 
public perception so we decided that what shall we do next so we looked at a whole 
bunch of options and we found this lease block just pass Roxburgh, a 1000 acre there, 
which we are going to winter 600 to 700 cows next year so they will be spread over the 
1000 acres and hopefully, our environmental footprint might shrink as a result and it 
will be better for the cows and it will be better for the environment. …You could see the 
Roxburgh block as our investment in the water because we are taking our cows from 
here from wintering down here so we are investing money in Roxburgh for the benefit 
of the Pomahaka river.” [Interviewee OT7] 
According to the farmers who had built structures to house livestock during the winter 
periods, it was generally an expensive approach but the benefits had been documented and 
this includes the guarantee of improving the impact on water resources and land. This point is 
stated by Interviewee [CB2]: 
“If we look at the cow house itself, it’s the only place you can look really for a big spend 
and having an effect. I think it has had a tremendous effect because we are keeping the 
animals off the land when it’s the most dangerous time for runoff so that’s an enormous 






Figure 19 A cow house visited as part of the study. Site visit CBV2 
 
Figure 20 A herd home visited as part of the study in Waikato. Site visit WKV3 
 
With regards to crop or pasture management to reduce the water footprint of livestock 
agribusinesses, all the farmers interviewed viewed it as an important aspect of farm 




farm environment and water resources. To sum it up, the farmers suggested that in the 
decision-making process concerning crop operations and impacts to the environment, they 
had to understand the crop requirements in terms of nutrients and water to enable them to 
make informed decisions which might improve the effective use of these resources. This 
point is stressed on by Interviewee [CB1]: 
“Efficient understanding of the crop requirements, efficient use of nutrients to meet 
crop demands so that’s important because if we don’t do that, we can either underdo 
the fertilizer or overdo.” 
This view is like what the farmers think about nutrient management at the farm level. 
As summed up by Interviewee [CB4] 
“It’s just being gradual. It’s just being things that we have done which is, helps our 
profitability but it’s at the same time, being better for the environment. If we can hold 
nutrients in the ground and not leach it through, it’s better for our profits as well so the 
two are pretty closely related. More closely related than what people think.”  
Farmers interviewed viewed nutrient management as important in decision making as 
it affects the water footprint of their agribusinesses. A general theme among the farmers was 
the belief that losing nutrients from their farms meant the loss of money and thus, it made 
sense to find ways to keep the nutrients in the soil which will ultimately cause the reduction 
of the amount of nutrient getting into water bodies and affecting water quality. Also, 
according to the farmers, nutrient management is necessary management as the regional 
council rules are based on nutrient limits to land and water geared towards punishing 
offending agribusiness. For all the farmers interviewed, nutrient management meant making 
decisions on-farm regarding minimising nutrient use whilst at the same time increasing 
productivity. 
7.2.2 The impact of technology on water footprint improvement at the farm level 
The use of technology is noted as significant in the findings of how farmers are 
improving on water footprint both in the literature and from the data analysed. The findings 
point out that various high technology applications were being employed by the farmers and 
farms in the study, but only six dairy agribusinesses utilise some form of technology to aid in 




at the innovative forefront of what they do with regards to water management was a driver 
guiding their adoption of noted technologies.  
The technologies employed by these farmers ranged from those aimed at improving 
water use efficiency to those aimed at improving fertiliser applications such that they match 
both soil and crop requirements as well as most importantly, improving on water quality. 
These technologies have been developed in response to the identified variability in 
production systems i.e different landform types, variety of land uses, different soil types etc. 
as well as considering various environmental and economic goals.  There was mention of 
precision agriculture where farmers believe that this will enhance their water use. From the 
farmer perspective, precision agriculture allows the farmer to use exactly the amount of water 
needed based on the information received from technological platforms being used. Precision 
agriculture for these farmers also meant a reduction in costs associated with water use if data 
received from various tools informed them in using less water and also having less impact on 
water quality. Generally, these farmers were resorting to these technologies to increase 
productivity within the realm of greater environmental challenges posed to them.  
Some of these technologies identified as being used by the farmers include variable 
rate technology (this allows irrigation water, fertilisers and other farm inputs to be applied at 
different rates across the farm without manual rate-setting operations), geographical 
information systems (GIS) and global positioning system (GPS) which are used by farmers to 
help manage spatial information for decision making on farm issues such as water impact 
challenges. A notable technology mentioned is soil sensors which are used to detect wide-
ranging soil conditions on the farm which ultimately may inform farmers use of resources 
such as water and fertilisers, two important contributors to the water footprint of farming 
systems.  
Two farmers employed precision agriculture technologies specifically nutrient and 
soil management technologies including soil moisture probes (soil sensors) to 
electromagnetically map soil types on farms to ensure effective spatial water application 
through variable-rate irrigators. These technologies according to the farmers ensured that they 
only irrigated to meet soil water demands and crop water demands without over-irrigating 
beyond those demands.  Additionally, three farmers installed technology in their dairy sheds 
to recycle water during the milking process, thus reducing the amount of water used and the 




“We won the Ballance farm awards for Canterbury and also for New Zealand and 
that’s the first time a farm that is an intensive farm had won the national award so we 
challenged their thought processes a little bit around what is going on and you know, 
it’s a good story to tell when you are saving 30 to 40 per cent of your water and still 
driving production so we are using less water and consequently investing more in 
technology and hardware.” [Interviewee CB1] 
“A lot of the things that I have done. Like I talked about our water usage on the cowshed 
at 45 rather than at 70 but a lot of that is because I have done things in the past. Like I 
have got a dung buster that helps wash the yard and uses a lot less water and I have 
got various protocols or procedures in the shed that I expect staff to do.” [Interviewee 
WK3] 
These findings show the impact of technology in helping improve water footprint 
management on livestock farms in New Zealand. The findings presented here also indicate 
what happens on farms that acknowledge the impacts of agribusinesses on water resources 
and put in place innovative practices to ensure that they are improving these impacts.  
Below is a summary of key findings around themes in this section and sub-sections 
(7.2) and the relevance to the research questions under study. 
Farmers pointed out practices which they mention as required by the industry and practices 
that they voluntarily put in place to improve their water footprint. According to these 
farmers, water footprint management at the farm level in New Zealand involves the 
adoption of industry required practices and other voluntary practices. This addresses 
research question 1.  
Fencing is mentioned as a practice that can improve the impact of livestock on water 
quality. It’s noted as a widespread practice. Other noted practices pointed out include 
provision of water troughs and reticulated water systems and provision of stock 
crossings. These findings address the research question 1and 2. 
It is noted that farmers focus on decision making around livestock (which livestock are 
suited to land), wintering (aimed at soil protection), structural developments (costs and 
benefits of these), crop and nutrient management (as too much reliance on nutrients 




Based on the practices put in place by farmers, it is possible to synthesise resources 
based on the typified classification of resources discussed in the literature review. The section 
below details from the findings, the key resources used by farmers in their water footprint 
management practices. These findings are in response to answering research question 2.   
7.3 Key resources used to develop capabilities  
 The research identified, consistent with the literature, that there were five types of 
key resources used: Intellectual, physical, human, financial and social resources.  These 
resources were identified through statements that the farmers made in response to questions 
on their water management practices. Specifically, section two of the interview questions 
targeted responses that will bring out in details how farmers used resources and developed 
capabilities and which resources they used. Below are details of the thematic findings around 
the resource types identified. This also includes the data analysis approach and the quotes 
illustrating how these resources are combined with other resources and used. 
7.3.1 Detailed Data Analysis and Presentation of Resources used and Resource 
Combinations 
In the analysis of resources used and resource combinations, descriptive statistics 
(mean, standard deviation), as well as inferential statistics (The use of confidence interval), 
are used to draw out findings from the interview data. The data collected around resource use 
and resource combination groups is what the author refers to as a resource use inventory. As 
part of the process for creating the resource use inventory, qualitative content analysis 
through NVIVO (Bazeley & Jackson 2013; Forman & Damschroder 2008; Krippendorff 
2004) is utilised. Statements made by the respondents relating to practices and resources used 
were coded into themes of type of resources. Word cues were used to aid the coding of 
resources into types of resources. Table 19 lists the word cues and the resource types they fall 






Table 19 Resource types and word cues that aided coding 
Types of 
Resources  
Word Cues for coding 
Physical Equipment, technology, moisture probes, infrastructure, variable-rate irrigators, fencing, 
water trough, crops, practices, reticulated water system, effluent systems, riparian, 
planting,  
Human We, I, staff, manager, people, team, contractor, you, partner, experience, manage, 
empower, knowledge, skill, understanding, learned 
Intellectual Data, OVERSEER plan, environmental plan, land plan, sustainable farming plan, fertiliser 
plan, report, management system, farm environment plan, nutrient management plan,  
Social Interesting people, industry partners, federated farmers, Dairy New Zealand, regional 
council officer, discussion groups, field days, Beef and Lamb New Zealand, environmental 
people, workshop, regional council, 
Financial Loan, debt, investment, spend, money, dollars, return on investment, costs, bought, 
subsidies 
 
From these themes, the coded references (statements) were checked to ensure that the 
statements were not double-coded.  A detailed analysis of the coded references led to the 
development of various resource groups based on the references relating to the use of more 
than one type of resource to improve water resources from water quality and a water use 
efficiency perspective. This led to the identification of seven types of resource combinations 








The findings on these identified resource combination groups are detailed below in the 




7.3.2 Resource combinations Findings 
Farmers mentioned several practices they were putting in place. Through these 
interview data, findings on how farmers were combining various skills, equipment and other 
resources were gathered. Table 20 below summarises the findings from the analysis of the 
resource use combinations utilised by the 25 farmers. The physical-human resource 
combination was referenced by all farmers in the study, with the physical-human-financial 
resource combination being the second most utilised 
 
Table 20 Resource use combinations used by farmers and the number of references in 
relation to these combinations 
 
Use of resources by individual 
farmers 
Resource use combination noted 








Physical-human 25 100% 62 40% 
Physical-human-financial 20 80% 25 16% 
Physical-human-social 15 60% 32 21% 
Physical-human-intellectual 10 40% 17 11% 
Physical-human-intellectual-social 9 36% 12 8% 
Physical-human-social-financial 4 16% 6 4% 
Physical-human-intellectual-financial 1 4% 1 40% 








Table 21 Farmers interviewed and the resource combinations utilized in their water 
management  


























CB1 X X X X X   
CB2 X  X X X X  
CB3 X X X X X   
CB4 X X  X    
OT1 X   X    
OT2 X  X     
OT3 X  X     
OT4 X  X     
OT5 X X X X    
OT6 X  X     
OT7 X  X X X   
OT8 X  X X    
OT9 X X X X    
OT10 X  X  X   
OT11 X  X     
OT12 X  X     
OT13 X X  X    
OT14 X  X X    
OT15 X  X  X   
SL1 X X X X  X  
SL2 X X X X    
WK1 X X  X X   
WK2 X    X   
WK3 X X X  X X X 
WK4 X  X X  X  
 
The results from the descriptive statistical analysis conducted showed that on average, 
at least three resource combination groups are chosen by farmers to manage their water 




resource combination group. At a confidence interval level of 95%, there is an almost 50% 
chance (0.47) that the two other resource combination groups would be the physical-human-
financial resource combination group and the physical-human-social resource combination 
group. From here on, the resource combination groups will be known by abbreviations. 
A K- means cluster analysis of the respondents was run on the descriptive and 
inferential statistics developed from the references made. The data points for the cluster 
development case were the mean, median and percentages of both farmers and references 
made concerning resource combination types.  The justification for using these was to help 
validate the findings from qualitative interview data and improve the objectivity of findings. 
The findings from the cluster analysis showed that the optimal number of clusters that 
could be determined was three. The K-means put the respondents into these three clusters: 
Cluster 111 : CB1, CB2, CB3, OT6, WK2, WK3  
Cluster 212: CB4, OT5, OT7, OT9, SL1, WK1 
Cluster 313: OT1, OT2, OT3, OT4, OT8, OT10, OT11, OT12, OT13, OT14, OT15, 
SL2, WK4  
Box plots from the cluster analysis were used to use to evaluate how the identified 
capabilities (resource combinations) differed among the clusters developed. Below are the 
boxplots. 
 
11 Cluster 1 is represented by red colour in plots 
12 Cluster 2 is represented by represented by green colour in plots 





Figure 21 Boxplots showing differences between resource combination types 
 
As can be seen from the plots, the two main resource combinations which ‘drive’ the 
clustering are Physical-Human and Human-Social-Physical. This is unsurprising as these 
two capability combinations have the most and second-most total references respectively. 





Figure 22 Numerical values used to generate resource combination types box plots 
 
In summary, there is one cluster of 6 farmers (Cluster 1) who are set apart by the high 
amount of references to Physical-Human. There is a second group of 6 farmers (Cluster 2) 
who are set apart by the high amount of references to Human-Social-Physical. Finally, there 
is a third large group of all the other farmers (Cluster 3), who were generally low for all the 
resource combinations. In terms of comparing the clusters to the farm demographics, there 
were no obvious patterns detected. Details of the seven resource combinations that emerged 
are presented in the next section below. 
Physical-human (Ph) 
The physical-human (Ph) resource combination forms the basic building block of all 
water management resource bundles at the farm level among these farmers; physical 
resources include t infrastructure and equipment, including land and livestock, sheds, 
reticulated water systems. These findings show that physical resources alone do not improve 
water management unless they are driven by human resources. Human resources identified as 
driving the use of physical resources among all the farmers interviewed included human 
labour (staff numbers), training influence on staff (trained staff), staff motivation and 
experience. The results and the transcripts show that as much as physical resources (tangible 
resources) will provide an infrastructural and technical means to deal with water management 
challenges, human resources are central to ensuring excellent water management through 
coordination of the physical and other complementary resources. Examples of how farmers 





Financial constraints may restrict the practices that these livestock operations put in 
place towards improving on environmental goals and objectives. Access to financial 
resources may contribute to encouraging farm managers to implement various practices that 
enable improvement of impacts on water resources as seen in other industries. Of the farmers 
interviewed, 80% mentioned that their water management practices involved the combination 
of financial resources together with physical and human resources; 25 such instances were 
mentioned (16% of the total). Financial resources included loans, grants and financial 
incentives from various financial (banks) and non-financial institutions including regional 
councils. It is important to note that although the farmers thought financial resources 
improved their potential to be effective at managing their water, they considered lack of 
finance to be a major limiting resource in the bid to implementing better practices. Quotes to 
illustrate this are presented in Table 22. 
Physical-human-social (Phs) 
Social resources included relationships built by farmers/ farm operators to help them 
meet their objectives including improving their impact on water resources. Social 
relationships included relationships with advisors from the regional councils, the banks, the 
co-operative organisations and various research bodies such as Dairy NZ14 and 
AgResearch15. The results show that this resource is combined exclusively with physical and 
human resources to help the farmers implement their water management practices. Notably, 
60% of farmers cited this combination with 21% of total mentions. A recurring theme 
amongst this group in terms of the forms of social resources utilised highlights the physical-
human bundle of resources along with the knowledge and help of external advisers resulting 
from these social relationships. The relationships were instrumental in helping guide the 
farmers in their choice of practices. Quotes that illustrate this are presented in Table 22 
Physical-human-intellectual (Phi) 
Intellectual resources were noted as significant in directing what resources are used 
and how they are used. Of the 25 farmers, 10 (40%) were found to be utilising this resource 
 
14 DairyNZ is a New Zealand organisation which is set up to secure and enhance the competitiveness of the 
New Zealand dairy farming industry. http://www.dairynz.co.nz/about-us/ 
15 AgResearch is a crown research institute in New Zealand which is also state owned and leads research into 




in combination with physical and human resources at their disposal. Intellectual resources 
related to data derived from various high-end technologies employed, methodological 
approaches including environmental modelling and management plans on livestock, crops 
and soils to improve the impact on water resources.  
Physical-human-intellectual-social (Phis) 
The farmers who referenced this specific resource bundle made statements to show 
that they were utilising the combination of intellectual and social resources together with the 
physical and human combination. These farmers pointed out in a few examples how advisors 
from the regional councils advised them on management plans for livestock and water 
management and how these interactions improved their knowledge on how to utilise their 
equipment and infrastructure to improve the impacts on water. Quotes to illustrate this form 
of resource combination group are shown in Table 22. 
Physical-human-social-financial (Phsf) 
Results show that four farmers utilised this resource bundle. The explicit combination 
of financial and social resources together with the physical human resource bundle is only 
seen among dairy operations involved in the study.  The quotes in Table 22 illustrate how 
this combination works for these farmers in their approach to manage their water resources.  
Physical-human-intellectual-finance (Phif) 
Respondent WK3 is the only farmer identified as utilising this type of resource 
combination group. The explicit detailing of how these resources are combined to improve 
his water management is illustrated in the quote below in Table 22. WK3 was a dairy 
operation. 
7.3.3 Farmers leveraging a higher than average number of resource combinations 
On average, the farmers in the study are utilizing three different resource 
combinations. However, five farmers appeared to rely on an above-average number of 
combinations: CB1, CB2, CB3, SL1 (5 resource combinations each) and WK3 (6 resource 
combinations). They are all dairy farmers. For understanding how and why farmers might be 
able to leverage multiple resource combinations, it is worth taking a closer look at the 




In the interviews of these farmers, there is a strong theme of reliance on intellectual 
resources, specifically sophisticated farm management technologies. Intellectual resources 
were mentioned as significant in directing what resources are used and how they are used. 
For instance, interviewee WK3 emerged as the farmer with the most resource combination 
groups. Further evaluation of WK3’s interview showed that the farmer’s use of intellectual 
resources was key to this outcome. We found that this farmer did not readily accept the 
advice of other farmers at face value, usually resorting to undertaking his research and 
analysis to clarify the implications of his decisions for the long-term profitability of his 
business. Indeed, for the five farmers utilising the most resource combinations, the theme of 
technology occupies an average of 17% of these farmers’ interviews, compared to 15% for 
the rest of the study. These farmers accounted for one-third of the references to intellectual 
resources in the study. Further analysis of their interviews suggests that these five farmers 
could implement such practices due to their relative ease of access to financial resources. 
This finding suggests that access to financial resources might activate farmers’ ability to 
access intellectual resources. By enhancing access to financial resources, farmers may be 
better able to leverage multiple resource combinations and thus improve how they approach 
sustainable water management activities. This also supports anecdotal evidence that 
providing access to financial resources to other livestock enterprises (besides diary) could 













We fenced off the river, another 2km so that’s another form of good management and we have 
developed a reticulated water system on the other block and this is going to be probably crucial. 
You still got to be quite careful with some of your wee streams too because you don’t want to put 
too much pressure [OT5] 
CB1, CB2, CB3, CB4, OT1, OT2, OT3, 
OT4, OT5, OT6, OT7, OT8, OT9, OT10, 
OT11, OT12, OT13, OT14, OT15, SL1, 
SL2, WK1, WK2, WK3, WK4 
We have learned heaps. We have learned lots about farming practices and how you can change 
things for the better. I guess that’s the biggest sticking point is that we do all this stuff because 
we are told its better but we don’t know about the whole riparian planting. We planted lots and 
lots. Probably 5 kilometres of it [SL1] 
The farm is well managed. We have put in fences of really good quality. They are not just a 
single hot wire. They are good quality fences and we have a passion for the environment and 





Probably for a start, we have had me and my partner talked about it all the time…. we have done 
that land and environment plan. We have done the sustainable farming up at Lincoln 
University. We can pick out what we need to do and I think it’s like you have got to start from 
one area and then work your way up. You can’t go and fence all your waterways off in one big 
hit at the start but if you get to start, you have got somewhere [OT5] 
CB1, CB3, CB4, OT5, OT9, OT13, SL1, 
SL2, WK1, WK3 
Yep, some of the things we do which is part of our precision agriculture is we can build maps in 
the office and I can send it to the tractor and fertilizer spreader and we can do that with the 
local contractor as well…we can build a map and avoid waterways. We don’t spread anything 
through the fence at all. Yes, it does improve the impact. [CB1] 
I mean we know to more what impacts on water quality and this includes stock in water, fertilizer 
runoff, its sediment runoff, its nutrient losses entering waterways. it’s about minimizing that 
going forward and I mean we have used OVERSEER and we know how much phosphate losses 
we have on the dairy and the sheep and it’s just to get a better handle on how that works and 
that informs us on the practices we can take to do that better and then we have with our whole 
fertilizer program, we have adopted in the last few years a system based on the Albrecht Kinsey 












If I can see a financial advantage by doing something or a management advantage by doing 
something then I am straight into so if I can justify spending some money to make more money 
or spending some money to make life easier then it’s quite a no brainer. I have written a whole 
report about the herd homes and the success of them for the business and I looked at 3 years or 
4 having them. There was a transitioning year and 3 years after and how productivity on the 
farm developed over that time and over that comparison, I got a return on my investment of 
21% so it worked out well [WK3]. 
OT14, OT15, SL1, SL2, WK3, WK4 
We do have costs of putting in a buffer. You know, there’s a cost in not putting a certain number 
of acres into crop. There are small costs and there are bigger costs too. I think it’s a win-win 
situation nana. Like you improve by managing it slightly better but I mean you do have a slight 
cost but overall, I think it’s negligible [OT6]. 
I agonised for 12 months about the cost of spending whatever it was to buy the first centre 
pivot and we finally did it and hoped that prices and everything will be alright. We put two small 
ones on and the next ones were a couple of years ago and we told ourselves that we really 





We all got together and ended up doing our research and having a lot along with partners like 
dairy NZ and a little bit of fed farmers help and had a look at exactly what was going on and 3 
years on, there’s been a whole heap of money spent on things fences and effluent systems. [SL1]. 
CB1, CB2, CB3, CB4, OT1, OT5, OT7, 
OT8, OT9, OT13, OT14, SL1, SL2, 
WK1, WK4 
We started about 15 years ago with the water in the creek doing some initial planting in some 
small area. A regional council officer came in and spoke to us to see if we will be willing to 
plant some plants and once we started, we don’t seem to be able to stop so we kept on going…so 
it’s about 1.4 kilometres long of native planting and the water quality has improved enormously 
in that time [CB2]. 
We have just been doing the things that are advertised and talked about at discussion groups 
and field days at all sorts of things. We have been fencing off all the waterways as learned 
from those meetings and I guess the big thing for us is crop selection for winter. That’s number 
one and how we manage that paddock once we have selected it. Stuff advertised in the farming 
newspapers and magazines. media information emails coming from Dairy NZ and about those 
management practices that you can put into place such as I have talked about [OT7] 
Physical-
human-
We are building the land and environment plan with beef and lamb and we are taking that to 
the stage 3 level. We have completed that and we are also quite heavily involved in QEII 
CB1, CB2, CB3, OT7, OT10, OT15, 











covenanting of the native bush so I think possibly what we are doing is offsetting. After talking 
with some of the environmental people, we want to keep the water situation excellent [OT10] 
We did a workshop for a half-day just looking at irrigation systems and management systems and 
the likes and base information about the stocking rates and the deals and then had another half-
day sit down with Dave Hewson and we put this one together just the farm system and 
practices...that’s one version of our farm environment plan. The summary of the plan 
identifies our farm, identifies our irrigation lines. It talks about our irrigation management 
and agreed actions, reassess soil moisture monitoring system installed and additional monitors 





All the waterways were fenced anyway but we have just put in plantings and stuff, we have 
looked at how we apply urea and how we graze our paddocks, our winter grazing plans and all 
sorts of stuff that’s gone on and the community has put in heaps of money to do that [SL1]. 
CB2, SL1, WK3, WK4 
I ended up doing a report. I monitored the nutrients coming out the effluent pond and worked out 
the flow rates and so I could quantify what the costs…I could work out the total value per year 
and at 6% interest rate, I could fund $120,000 estimated irrigation system to get that sort of 
return so that was my background to sort of getting myself over the line, to get data and so for 
me, I am like, what sort of system do I need to put on so I have gone to some commercial 
consultants. People who build the thing. I went to 4 and pretty much one has come back and we 
have done the job. Beyond that, I talk to Waikato Regional Council to get the feel of what the 
requirements are, what I need to be doing and, we have a farm consultant that comes onto the 
farm so I run ideas past him as well [WK3]. 
We do get some subsidies at times from regional council when its available but we have spent a 
lot of money probably $20 - $25,000 of our own money doing it so instead of spending money on 
maintenance of drains we think it’s better we spend money on native plants and because of that 
we don’t have the drains anymore because they maintain themselves it seems but that’s one of 





7.3.4 Farmers using a lower than average number of resource combinations 
The average number of resource combinations used by the farmers interviewed was 
approximately 3.3 which meant that farmers using 3 resource combinations and lower were 
using less than the average. Fourteen farmers were identified as falling into the category of 
using less than the average number of resource combinations. These farmers included CB4, 
OT1, OT2, OT3, OT4, OT5, OT6, OT8, OT10, OT11, OT12, OT13, OT14, OT15 and WK2. 
Of these group, 3 were solely dairy operations, 2 were mixed operations, 1 was a dairy and 
beef operation and 8 were sheep and beef farms. Although these numbers did not insinuate 
fewer resource combinations when a certain farm type is managing their water footprint, it 
emphasised a point that different types of livestock operation require different amounts of 
resource combinations to improve their water. Whilst the previous section (7.3.3) showed that 
the operations that used above-average resource combination groups were mostly dairy, this 
section shows a below-average number of resource combination use among sheep and beef 
operations. The literature review in chapter 2 discusses that in New Zealand, the water 
management requirements for dairy farms are stringent in comparison to the requirements for 
sheep and beef operations. This is even emphasised by farmers in the interviews who state in 
an example that whilst dairy have to excluded from all waterways, sheep are allowed close to 
waterways and do not have to be excluded. Such different requirements may be the reasons 
why sheep and beef operation use fewer resource combinations as regulations towards this 
type of operation is lax compared to what is happening around the dairy farming industry.  
In a further analysis of the interview data, it was noted that as much as different 
industries regulations may encourage the development of higher than the average number of 
resource combination types or may restrict the development of resource combination types in 
others, there are other barriers that these farmers who use a lower than the average number of 
resource combinations pointed out as restricting. These barriers included costs which were 
mentioned by 8 of these farmers as limiting. In an example, interviewee [OT3] states that: 
“Like I said, fencing off the wetlands. And that will happen before this next window. 
We will have fenced off quite a several wetlands. Once upon a time, we will have 
drained them but now I don’t think it’s worth it. it costs a lot of money to drain them 
too so you got to offset that with its going to pay for itself in a number of years but now 




Costs are noted to be critical in informing the decision making of farmers and details 
of this in its role as a driver is presented in section 6.6.2 
Another barrier to the development of more than the average number of resource 
combination is noted to be labour. Some of these farmers pointed out that they lacked staff 
numbers to ensure that the practices they intended to put in place were achieved. In one 
instance, Interviewee [OT11] stated that: 
“We can do that for 5 or 6 thousand dollars per kilometre of fencing but that could go 
up to about 10 thousand or more per kilometre. That’s the biggest resource lacking and 
then, there’s the labour to physically do it. The cost to do it” 
Four of the farmers stated that labour needs are limiting in putting in place practices 
such as fencing off waterways to aid stock exclusion. Other barriers such as limited 
knowledge and cooperating neighbours were mentioned. Limiting Knowledge was pointed 
out as a reason why farmers didn’t do more than what they were accustomed to. This was 
noted by 7 farmers as a barrier to the development of more resource combinations as they did 
not know how to implement recommended practices to meet new regulations as they come in. 
Farmers cited limited knowledge about their natural environment within which they operated. 
These included limited knowledge on their soils and how their operations impacted the soils 
and the interaction impacted water health through soil effects. Farmers also cited a lack of 
knowledge about their landforms (topography) and how that impacted water health through 
runoffs of nutrients like phosphorus from farms. Interviewee [OT12] cited an example of 
limited knowledge as: 
“Pretty much, it’s just about building up knowledge about the paddocks. You know the 
ones which you have drained and you know that they are on vulnerable. They have been 
drained and they still reasonably get wet in the winter so when they are dead flat so 
you know that you just have to careful not to put cattle on them during the winter and 
things like that because you don’t want nutrients to go through the moles and the tiles 
and into the waterways so I guess it’s the experience that you draw on when it comes 
to that. Learning from your mistakes and not wanting to do it twice.” 
The non-complementary efforts of neighbouring farms towards helping farmers 
improve on their water footprint are cited as a barrier to improving on the number of resource 




farms were not adhering to regulations on water management and the effects of these 
negative practices spilt onto water resources that some of the farmers interviewed depended 
on. Farmers cited instances where the quality of the water coming onto their farms was not 
the “best” and thus, they had a difficult time ensuring that their practices helped the water 
quality meet the regional requirements for water coming off their farming operations.  
By understanding and discussing findings like these, the industry can acknowledge 
the barriers to resource combination developments and put in place policies and programs to 
ensure that farmers have a wider variety of resource combination types available to them to 
aid in water footprint management.  
7.4 Summary of chapter seven findings  
Resources are key to developing water footprint management capabilities. The 
findings in this chapter emphasised this through analysis of the interview data. In summary, 
the findings showed that the practices that are implemented by farmers to manage their water 
footprints ranged from industry prescribed practices to other voluntary initiatives. Some of 
these practices mentioned included the use of reticulated systems, grazing management and 
winter management. Farmers were noted to relate a lot of their practices to nutrient 
management as for them, losing nutrients meant the loss of money and sometimes a relatively 
higher negative impact on water quantity.  
The findings noted that farmer practices involved the use of five types of key 
resources. These included Intellectual, physical, human, financial and social resources. The 
findings in terms of resource groups are consistent with the types of resources identified in 
the literature (Galbreath, 2005; Haden et al., 2009; Prahalad & Hamel, 1990). In terms of 
resource combination towards the development of water footprint management capabilities, 7 
resource combination types were identified. These included (i) Physical-human (ii) Physical-
human-intellectual, (iii) Physical-human-financial (iv) Physical-human-social (v) Physical-
human-intellectual-social (vi) Physical-human-social-financial (vii) Physical-human-
intellectual-financial. The findings show that the basic building block of the water footprint 
management capability of all the farmers was physical -human resource combination. The 
findings showed that water footprint management involves businesses combining resources 




This, as emphasised may lead to developing unique resource combinations which form the 
basis for unique capability development. 
Three clusters of farmers were identified based on their resource combination types 
utilised. The findings show that the two main resource combinations which ‘drive’ the 
clustering are Physical-Human and Human-Social-Physical. This is unsurprising as these two 
capability combinations have the most and second-most total references respectively. 
The findings show that 5 of the farmers interviewed were relying on the above-
average number of resource combination types. Intellectual resource is noted as a key for 
these 5 farmers. Also, financial resources are noted to be key. Fourteen farmers on the other 
hand were identified as using less than the average number of resource combination types. 
For these 14 farmers, costs, labour, limiting knowledge and lack of co-operation was cited as 
limiting the ability to develop capabilities using more varied types of resource combinations.  
Practices put in place by farmers are important for water footprint management. It is 
acknowledged from the findings that the water footprint management practices are a 
combination of resources. It is from these that key resources contributing to water footprint 
management are noted. From an organisational management perspective, understanding what 
is important from a resource-based view is significant in informing the industry as to what 
makes up a good water footprint management capability. It is what this chapter sought out to 
do.  
Some of the discussions in the literature review posit that the development of unique 
resource combinations which are the basis of capability may impact performance objectives 
of businesses. In the interviews, it was noted that farm performance resulting from the 
development of water footprint capability was a theme that was emerging. The data analysis 
confirmed this a theme in response and thus, ends up providing answers to research question 
3 i.e. From a farmer’s perspective, how has developed water footprint management 
capabilities affected farm performance? The next chapter presents findings on farm 
performance measures identified from the interviews and how the development of unique 
resource combinations discussed in this chapter have impacted on these performance 














FINDINGS IV: WATER FOOTPRINT 











8.1 Introduction  
As pointed out by the conclusion of the previous chapter, the development of unique 
resource combinations which are the basis of capability may impact performance objectives 
of businesses.  For the livestock agribusiness industry, where water plays a key role in the 
meeting of production targets and other performance objectives, it is important to understand 
the potential impact that water footprint management practices put in place by award-winning 
farmers interviewed for this research can have on business performance metrics from the 
farmer perspective. This chapter presents findings on the potential impact on farm 
performance by the development of water footprint management capabilities (How have 
better farm performance been linked to developed water footprint management capabilities 
from farmer perspectives?).  
Content analysis is used in the analysis of the transcripts from the interviewees to 
identify and understand descriptions of the performance measures used by farmers to gauge 
their performance with water management. Farm-level performance measures which are 
relatable to water footprint management are identified, and findings are presented. 
Furthermore, the chapter explores the perceived relationship between water footprint 
management practices, groups of farmers identified and performance measures (refer to 
findings presented in Chapter 7 section 7.3.2).  
The chapter concludes by summarising findings on the performance measures 
identified and their relationship to improving water footprint management practices from 
farmer perspectives in the New Zealand livestock production industry. 
8.2 Detailed Analysis of the findings 
The findings towards answering research question 3 start with a focus on the 
performance measures used by the farmers interviewed for the study. In line with the 
literature review, two types of performance measures are identified by the farmers i.e. 
financial related performance measures and non-financial performance measures. Among the 
agribusinesses interviewed, 22 farmers mentioned that they relied on financial performance 
measures to gauge the performance of their agribusiness operations. These 22 farmers made 
references to these performance measure 94 times. On the other hand, 24 farmers made 




they view other, non-financial, performance measures as key to improving the success of 
their agribusinesses. 
Details of the coding and the keywords and phrases used are shown in the table 
below. 














Keywords and phrases used in 
the coding  
Cost  15 60 35 37 
"costs", "cost of production", 
"dollar spent per kilogram milk 
solid produced" 
Profit  8 32 24 26 
"profit", "Profit per kilogram of 
nitrogen leached", "profit per 
hectare", "profitability", "income 
after expenses",  
Returns 6 24 23 24 
"equity" "return on equity", "return 
on capital", "returns on investment" 
averages  5 20 12 13 "averages" "financial averages" 
 














Keywords and phrases 
used in the coding  
Lambing  6 24 20 23 "lambing percentage", 
"calving percentage", 
"lamb live weight gain" 
Kilogram milk 
solids 
8 32 29 34 "kilogram milk solid per 
hectare", "kilogram milk 
solids", "milk solid 
produced per cow",  
Kilogram meat 4 16 15 17 "kilogram meat per 
hectare", "carcass weight 
of animal", "kilogram at 
















Keywords and phrases 
used in the coding  
"average kill date", 
"kilogram of lamb meat 
produced" 
Soil  2 8 7 8  "kilogram dry matter per 
hectare", "effective soil 
moisture", "soil fertility",  
Efficiency 3 12 8 9 "efficiency of raw 




Water  1 4 1 1 "availability of water",  
Sustainability 2 8 6 7 "sustainability", "100% 
compliant with the 
environment" 
 
8.3 Performance Measures 
8.3.1 Financial performance measures  
The farmers who focused on financial performance measures to understand how 
effective their capabilities in improving their water footprint were focused majorly on two 
issues related to financial performance indicators: cost and profit. Cost was referenced 35 
times by 15 of these 22 farmers. The farmers who referenced costs were noted to were 
monitor their costs with the revenue being generated. Cost is also noted to influence the 
infrastructural developments on their farms, which ultimately impacts on their financial 
bottom-line. Excerpts from the interviews of Interviewees [OT4] and [OT7] sum up the views 
expressed regarding these findings: 
“We are not breaking records or anything, but the accountant sends out averages and 




“Like I said earlier on, we will be fencing anyway and if we, when we do more riparian 
planting, which is in the plan for the next 5 to 10 years, we will do a whole lot more of 
riparian planting and we are going to incur financial costs. But the government has 
made that tax-deductible to encourage guys to do it. So, there’s no excuse not to do it. 
It is tax-deductible so it’s a business expense now, so that’s quite cool.” 
As noted from the reference quoted above, the choice of performance indicators with 
water footprint management capabilities may sometimes be driven not by only being able to 
identify a positive relationship but by certain influences such as government incentives. The 
ability to access these incentives may drive farmers towards focusing on indicators that may 
enable them show their impacts to improving water footprint management and this may 
ultimately lead them towards the choice of a quantifiable financial performance measure over 
the non-quantifiable measure.  
 Eight of the 22 farmers also referenced profit. The farmers stressed that profit is 
needed to be able to run their farms in the long term. The following quote by Interviewee 
[CB4] concerning profits sums up the significant role that profit plays for farmers: 
“I mean, you can do high production but you can have a high cost too. So, at the end 
of the day, you’ve got to make a profit too when you have got 14 staff and you’ve got a 
big mortgage and you’ve got, you know, the farm has got a lot of debt as well. So, it’s 
important. Profits are most important than anything else.” 
Specifically, profit-making is necessary to ensure that staff is paid. Farmers 
mentioned that in the effort to make profits, debts were accrued. For the farmers who had 
accrued debt, profits were mentioned as essential to their debt management. All 8 farmers 
pointed out that they were in some form of financial debt from running of their farms. This 
they mentioned for them was sometimes limiting in terms of the practices they could put in 
place.  
8.3.2 Non-Financial Performance Measures 
Non-financial performance measures were mentioned throughout the interviews as 
indicators of the effectiveness of capabilities in water footprint management on farms. Eight 
farmers cited various non-financial measures as their most important indicators of farm 




financial indicators as important to their estimations of the success of their operations. One 
such reference was made by interviewee [CB2]: 
“I think it’s the availability of water for the farm. That’s the most important. If we didn’t 
have water available then we couldn’t dairy farm here, because we get very dry 
summers. There will be nothing growing here if we couldn’t irrigate. So that’s 
principally what it is really. We need access to water. Profitability and all those 
measures are affected by access to water. You couldn’t dairy farm here without access 
to water.” 
Table 25 shows the farm performance measures identified through the analysis of the 
interviews and data collected during site visits. The main measures used by the farmers are 
provided in bold font.  
 
Table 25 Identified farm performance measures used by various respondents 
Interviewee / 
Agribusiness 
Financial Measures Non-financial Measures 
WK1 
Profit per kilogram of 
nitrogen leached, Profit per 
hectare 
 
OT1 Return on equity, costs  
OT3  kilogram milk solid per hectare 
CB1 Profitability, costs, Income efficiency of raw material use 
OT4 costs, financial averages Lambing percentages 
OT5  
Lambing percentage, carcass weight of 
animal 
WK2 profit per hectare Milk solids produced per cow 
CB2 profit, Income Availability of water 





Kilogram of meat per hectare, kilogram at 
average kill weight, average kill date 
SL1 Profitability 
100% compliant with the environment, Milk 
solids produced per year 
OT7 
Operating profits, cost of 
production, $ spent per 
kilogram of milk solid 
produced 
milk solids per hectare, milk solids per cow, 
pasture eaten 
OT8 profitability 
kilogram of dry matter per hectare, Kilogram 
of meat per hectare, lambing percentage, 
calving percentage 
CB3  effective soil moisture 
OT9 Profitability lambing percentages, calving percentage 
WK4  kilogram milk solids per year 
OT11 profit per hectare  
SL2 
Return on capital, net profit 
per hectare, return on 
investment 
people, soil fertility 
OT12 Profitability ($ per hectare)  
OT13  Lamb live weight gain, Lambing percentage 
OT14  Kilogram of lamb meat produced 
CB4 profit per hectare production per cow per hectare 
OT15  Lambing percentage 
 
8.4 Does Water Footprint Management Impact Performance Measures? 
Following up on the identification and presentation of findings on farm performance 
measures used by the farmers studied in the previous section of this chapter, questions were 




impacting their main or other minor performance measures. The findings show that the 
farmers’ responses were varied. Five farmers from the interview mentioned that they could 
relate their quantifiable farm performance measure to the impacts of their water footprint 
management practices. Five other farmers mentioned that they were unable to quantify the 
impact on their water footprint management capabilities through any of their farm 
performance measures because they were still in the early stages of water footprint 
management implementation. The rest of the farmers mentioned that they perceived related 
impacts of their water footprint management measures on their performance but were not 
sure how the relationship existed.  
Among the 5 farmers who could quantify the impact of their water footprint 
management capabilities on farm performance, 4 run dairy operations, while 1 operation is a 
sheep and beef operation. For these farmers, water footprint management performance 
measures meant focusing on among other things, reducing the amount of nitrogen or 
phosphorus being leached or running off into receiving water bodies. The practices leading 
into impacting the nutrient emission reduction concerning farm performance indicators as 
discussed by the farmers included several high technology measures, various infrastructural 
developments, and instituting other management practices including the introduction of crops 
which don’t require comparatively high amounts of nitrogen fertilizers As such, these 5 
farmers all stated that an improvement in their nitrogen use efficiency (which meant less 
nitrogen being leached through the soil and to water bodies) is the performance indicator they 
are using to track the impact of their water footprint practices on their farm’s performance 
metrics. For these farmers, improved nitrogen use efficiency translates into fewer costs 
associated with the purchase of nitrogen. Meeting production targets with fewer costs 
improves the farm’s financial bottom-line. In one instance, a farmer quantified the impact of 
his water footprint management practices by valuing the potential avoided nitrogen, which 
will have been emitted to the soil and water resources. His practice involved the building of a 
herd home to reduce the impact of his cattle on the soil and water resources on his farm. The 
following quote from this farmer puts across the point made: 
“So, I have done analysis on the herd homes and the herd homes by default help the 
water management. They weren’t a driver for it but it’s something that’s happened 
because and I can quantify the value of that through the herd home analysis and I have 




So, if you’re talking about protecting the streams, there was a cost associated with 
doing that and that cost was the fencing and the planting which was considerable so 
that probably has no benefit to me financially but that has had some benefit for the 
management of the farm so as in no other farms have a stream in them so they are more 
easily managed. If we are talking about the discharge to water, I have been able to 
quantify that with those figures about how I can make use of nutrients without putting 
them into the stream and even as a small part, it builds up to 365 days and if I can 
utilize it myself then I can, it becomes a financial winner.” [Interviewee WK3] 
From a quantifiable perspective, being able to quantify the improvement in the 
efficiency of raw material use such as especially nitrogen and water signalled a positive 
relationship between water footprint improvement and farm performance.  
As noted earlier on in this section, five farmers made the point that because they were 
still in the initial stages of implementation of their water footprint improvement practices, 
they could not yet conclude that, there is any impact to their general farm performance 
indicators resulting from their water footprint management practices. However, these 5 
farmers also pointed out that they have seen improvement in aspects of their farming 
operations, which might ultimately lead to improved farm performance.  
Two of these farmers mentioned improvements in stock management due to supply of 
clean water through reticulated water systems, instead of allowing livestock to get water by 
trudging through streams thereby deteriorating the quality of water in the streams. These 5 
farmers also mentioned improvements in the aesthetics of the land as a perceived benefit of 
putting in place practices to improve their water footprint. These practices aimed at 
improving farm aesthetics included the planting of native plants with the primary aim of 
protecting waterways from erosion and sedimentation flows, as well as acting as biological 
filters to improve water quality. According to these farmers, practices like these could affect 
the performance of livestock thereby impacting positively on productivity performance 
targets. The difficulty of relating their farm practices to impacting several farm performance 
indicators is summed up by Interviewee [WK2]: 
“You could if you did a specific sort of study on your farm and you measure the quality 
of your water on your farm every week or something, and then try to compare that to 




farming – so many variables. Even on profit per hectare and milk solids production, 
there are so many variables on how much you produce each day on one farm and then, 
every farm does that differently. So, it’s even hard to compare with other farms how 
well you are doing, because there are just so many variables. So very difficult to do.” 
Even though they could not relate their practices to their chosen farm performance 
indicators, farmers believed benefits may include eliminating the risks associated with 
accruing fines related to environmental degradation, intangible benefits such as aesthetics of 
the farm, and improved public perception about the role of farming operations in ensuring a 
cleaner environment. The consensus among these farmers is that it is difficult to relate water 
footprint measures and improved farm performance measures, but they are hopeful that farm 
performance does indeed benefit from putting in place various water footprint improvement 
measures. This view is summed up by the following comment from Interviewee [OT3] in 
response to the question about whether he could relate his key performance measures to his 
water footprint management approaches.  
“That’s a really difficult one because, it will have been different if we had been dairying 
and we had areas and they were swamps and then, we had put drains in and had been 
producing off them but because when we converted to dairy, we basically had 
everything the way it was supposed to be and we had fenced off all the waterways... we 
never had a benchmark to work off. That’s difficult to put a measurement on it. There’s 
a cost going to be on it more from now on because we are bringing in more area. we 
got the additional cost of fencing off all the areas that we want to preserve for water 
and as I said, it’s going to become significant areas so what happens is we got an 
ongoing cost of nothing coming off it. No milk just clean water maybe it’s valuable. 
Maybe, it could be valuable as time goes on” 
When asked whether their water footprint management practices improved their main 
existing farm performance indicators, 11 farmers mentioned that they believed it did but had 
not been able to quantify the extent to which it did. These 11 farmers consisted of 7 sheep 
and beef operations, 3 dairy operations and 1 mixed operation. These farmers uniformly 
perceived that putting in place various practices to improve water footprint had led to an 
improvement in measurable metrics such as water use efficiency and pasture growth, but no 




Four farmers mentioned improvements in water use efficiency on their farms, which 
they also linked to profitability due to the reduced costs associated with using less energy to 
pump less water, due to increases in the efficiency of water use. According to all 11 farmers, 
pasture growth increase is observed during the periods within which they have been 
implementing the water footprint improvement practices. One farmer attributed this to a 
reduction in the tendency to overwater pasture, which could negatively affect pasture growth. 
These 11 farmers perceived other positive impacts of their water footprint management 
practices. These include improvements in stock management, intangible benefits such as 
public perception and an increase in land value because of infrastructural and land 
developments.  
The following quote from Interviewee [OT9] highlights the perspective of farmers 
with regards to the increase in the value of farm property, due to the implementation of water 
footprint improvement measures. 
“The financial benefits are: There is a pretty good return from putting in the water 
scheme as far as the balance sheet is concerned, because it changes the land value on 
the better flat land because it changes it from being classified as a sheep and beef farm, 
as it will be with natural water, to actually being a genuine dairy support land. So, 
there’s an uplift in the property value. It’s a bit hard to break it down but we got an 
evaluation done before the developments. So, before I did the fencing and the drainage 
and some development of rougher country and put the water scheme in and from about 
two hundred thousand spent, the property value went up to five hundred thousand. So, 
the water scheme is a major contributor to the uplift because it costs about 250 to 275 
dollars per hectare to put a water scheme in place, but it probably added 1000 dollars 
a hectare on the value of the land. Plus, there is the financial benefit of the fact that we 
can run more heifers, dairy heifers. It’s hard to quantify because we have done other 
things as well including having bought more land and put in more pasture and 
improved pasture quality.” 
Apart from the quantified and perceived impacts of the water footprint improvement 
measures on farm performance, all the farmers mentioned the cost of implementing these 
practices as impactful on their operations. The two statements below are examples showing 
that point out the major impact of the costs associated with putting in place water footprint 




“Improving water quality may have a bit of a negative effect on the profit just because 
of fencing and culvert and those sorts of things cost… There are costs.  We will be 
spending a few thousand dollars a year for fencing and other things.” [Interviewee 
OT11] 
“Yeah, there’s a cost to fencing off the waterways, planting trees. You are spending 
13000 dollars a year on planting trees and fencing the waterways and that’s 
sustainable. It can come out of the farm without breaking us, without having to borrow 
more money and then there’s the time that goes into that but hopefully, it will make the 
property a bit more user friendly and more profitable in the long run but a lot of it just 
not purely for the financial.” [Interviewee OT12] 
The findings suggest that for the farmers who rely on financial performance as their 
main measure of performance, the cost of these practices impacted on the profitability of their 
operations.  
In delving further into the findings, it is noted that some of the farm performance 
measures could be explicitly linked to water footprint management. The section below details 
these performance measures and how they are linked to water footprint management.  
8.4.1 Water Footprint Management related farm performance measures  
Among the livestock farming operations used for the research, several measures of 
farm performance were described as related to water footprint improvement. The measures 
could be summarised into 4 main types of water footprint related measures. These 4 main 
performance measures either negatively or positively impacted farming operations from a 
water management perspective or a farm bottom-line perspective. The performance indicators 
utilised by farmers centred on the impact of resource use such as fertilizers and the relation to 
aspects of water such as water quality and water quantity. Nitrogen use, Water use, Pasture 
growth and farm produce were identified as water footprint performance measures related 
groups that the farming performance measures utilised by these farmers fall into.   
Under Nitrogen use efficiency, farmers had related their quantity of meat and milk 
produced to the impact of their production on nitrogen emission contribution to water quality. 
Similarly, under pasture growth increase, the cost is related to resources use including water 




pasture growth may mean fewer nutrients being used to grow pasture and this may translate 
to low emissions to water quality. In the same way, lower costs concerning pasture growth 
may be translated as lower costs associated with using less water thus affecting water 
quantity. Cost changes per milk solids produced according to farmers were indicative of 
changes in resource use including the natural resources needed to be able to produce milk. 
Increase in cost changes may be reflective of increase use in water (water quantity) or 
increase use in fertilizer for cropping which may potentially affect water quality if emissions 
are not controlled.  
Table 26 provides details of the performance measures that were identified by the 
farmers as reflecting improvement in water footprint management. 
 
Table 26 Identified quantifiable metrics used by farmers to relate the impact of water 
footprint improvement measures to general farm performance 
WF related Performance measure Quantifiable metric 
Nitrogen use efficiency 
Kilogram meat per kilogram nitrogen use, 
kilogram milk solid produced per kilogram 
nitrogen use 
Water use efficiency Water use per hectare pasture growth 
Pasture growth increase Pasture growth increase per total cost 
Farm produce increase Total Cost change per milk solid produced 
 
In answering the question of How have better farm performance been linked to 
developed water footprint management capabilities from farmer perspectives?, the findings 
from the farmer perspective are clustered in line with the resource combination groups 
identified and developed in chapter 7 (section 7.3.2) are presented. The findings on this are 





8.5 The relationship between water footprint management and business 
performance among agribusinesses who share similar resource 
bundles  
As mentioned in the conclusion of the previous section, in addressing research 
question three (From a farmer’s perspective, how has developed water footprint management 
capabilities affected farm performance?), findings detail how the groups identified based on 
their resource combination similarities in chapter 7 specifically section 7.3.2 view the impact 
of their water footprint management practices on their chosen farm performance measures.  
This is significant because the cluster groups as described in chapter 7 have been developed 
to aid clarity in terms of understanding different unique resource combination groups. As 
mentioned in chapter 7, (Cluster 1) are set apart by the high amount of references to 
Physical-Human. (Cluster 2) are set apart by the high amount of references to Human-
Social-Physical. Finally, (Cluster 3), are generally low for all the resource combinations 
types for the different resource combination groups.  
Below is a table detailing the main characteristic of each cluster on the link between 
farm performance and water footprint management capabilities.  
 
Table 27 Characteristic findings of farmer groups and the perspectives on water 
footprint management and farm performance. 
Cluster 1 Cluster 2 Cluster 3 
Farmers believe there is a 
positive relationship 
between water footprint 
management and farm 
performance  
Farmers in this group have 
varied (positive and negative) 
views on the impact of water 
footprint management on farm 
performance 
Farmers in this group have varied 
(positive and negative) views on 
the impact of water footprint 
management on farm performance 
Majority of farmers have 
not been able to quantify 
the impact of water 
Farmers in this group believe 
that the benefits of water 
footprint management can only 
be derived in the long term 
Farmers in this group believe that 
the benefits of water footprint 
management can only be derived 




footprint management on 
farm performance 
Nitrogen and water use 
efficiency are the major 
quantitative indicators of 
farm performance for these 
farmers. Improved public 
perception is also used as a 
major non-quantitative 
measure of farm 
performance with water 
Farmers believed that the major 
benefit was in public 
perception which will 
ultimately translate to financial 
bottom-line 
Farmers cite their major indicator 
of farm improvement concerning 
water to include stock 
performance, aesthetic value and 
improved water use efficiency 
 
The findings are presented in detail in the following subsections 
8.5.1 Cluster 1 Resource combination group 
The farmers in this resource use cluster believe that implementing these water 
footprint improvement measures have a positive relationship on main farm performance 
metrics. The composition of this group included 3 dairy agribusinesses, 1 mixed farm, 1 
sheep and beef farm and 1 dairy and beef agribusiness. Among the agribusinesses in this 
group, two had been able to quantify the impact of water footprint improvement measures on 
some farm performance indicators. These two were dairy operations. According to these two 
operations, nitrogen and water use efficiency are direct performance indicators on which they 
relied to gauge the impact of the implemented water footprint improvement measures. 
According to these farmers, the nitrogen and water use efficiency measures indirectly 
improve other bottom-line farm performance measures, such as profitability, through 
reduction of the costs associated with nitrogen and water use. This finding may suggest that 
dairy operations were more focused on keeping track of their progress on water footprint. 
Such a finding may align itself to the point made earlier that the requirements in the dairy 
industry caused farmers running such types of operations to do more in terms of putting into 
effect water footprint management.  
Doing more in terms of effective water footprint management for these farmers as 




have restricted the practices they put in place towards improving on environmental goals and 
objectives, access to financial resources encouraged them to implement various practices that 
may improve water footprint impacts. This finding suggests that access to financial resources 
(as noted in capabilities built on physical-human-financial etc) enabled farmers in this cluster 
to put in place effective nitrogen and water use efficiency measures which fed into improving 
on their farm performance indicators. Financial resources such as loans, grants and financial 
incentives from various financial (banks) and non-financial institutions including regional 
councils enabled these to farmers to stand out among their peers.  
Although the other farmers in the cluster had not been able to quantify the impact of 
the water footprint improvement measures implemented on her main farm performance 
metrics, they had seen improvement in some aspects of her operation that could be attributed 
to the influence of water footprint improvement measures.  According to these 4 farmers, 
measures aimed at improving nitrogen use efficiency on pasture had led to increased pasture 
growth, but this perceived impact had not been verified using any quantifiable means.  
Finally, the farmers in this group believed that the measures to reduce the water 
footprint of their operations had intangible benefits for their businesses, in the sense that 
public perception concerning their operations had improved in the local community. This 
reference to public perception reflected the earlier point made about how these farmers are 
driven by their pride in their farming operation which drives them to resort to combining 
effectively all 5 types of resources to improve their farm performance. 
8.5.2 Cluster 2 resource combination group 
Findings from the analysis of this resource use cluster group show that the 
agribusinesses in this group have varied views about the influence that implementing water 
footprint measures has on farm performance. This group included 2 dairy farming operations, 
2 sheep and beef farms, 1 mixed farming operation and 1 dairy and beef operation.  The 
findings from 3 of the 6 agribusinesses identified as utilising this similar resource bundle 
suggest that, though some benefits will accrue in the long term, preliminary stages of 
implementation of their water footprint improvement measures are periods where it is hard to 
quantify the impacts on farm performance. For these 3 farmers (2 dairy farmers and 1 dairy 
and beef farm operation), the perceived long-term benefits could be in the form of improved 
stock management, improved water use efficiency and potential future revenue from 




major benefits will be intangible and in the form of improved public perception concerning 
the impact of agribusinesses on water resources and the aesthetic value of their properties. 
The fact that all 3 of these operations had a dairy component suggests that dairy farming 
operations may have a longer-term view of water footprint management. This may be 
attributed to the point made in findings that regulations are going to get tougher with years 
and thus, farmers have to think about putting in practices that will withstand these incoming 
regulations.  
Only one of the agribusinesses (a mixed farming operation) in this group mentioned 
being unable to think of how the water footprint management measure he has implemented 
will impact the main farm performance metrics used. He was, however, of the opinion that 
the measures could be valuable to his operation. 
The remaining two agribusinesses ( 2 sheep and beef operations) in this group 
mentioned that although they had not yet quantified the impacts of their water footprint 
measures on the main farm performance metrics, they believe that improvements had 
occurred in indicators such as profitability, and this could be attributed to improvement in 
water and nitrogen use efficiency.  
8.5.3 Cluster 3 Resource combination group 
Findings from the 13 agribusinesses in this group also show varied responses to 
questions regarding whether the water footprint improvement measures they had adopted had 
any impacts on their chosen farm performance indicators. This group included 3 dairy 
farming operations, 3 mixed farming operations and 7 sheep and beef farming operations.  
Three of the farmers (all sheep and beef operations) mentioned that they could not find any 
relationship between the practices they had adopted and their main farm performance 
measures. They were, however, of the view that future benefits are possible. Two of the 
farmers (1 mixed farming operation and 1 sheep and beef farming operation) were also of the 
view that there could be improvements to performance that correspond to improved water 
footprint impacts, due to the implementation of various measures. However, because the 
implemented measures are relatively new, they could not quantify the benefits but believed 





Eight farmers (3 sheep and beef operations, 2 mixed farming operation and 3 dairy 
farming operation) identified under this resource use cluster group explained that they believe 
improvements in their general farm performance measures corresponded to the putting in 
place of measures to improve water footprint. According to these farmers, improvement can 
be seen in stock performance, which translates into improved bottom lines such as 
profitability. Apart from this measure of farm performance, these 8 farmers were of the view 
that the related effect of improved water footprint could also be seen in their improved water 
use efficiency and intangible benefits such as aesthetic values. The findings from these 8 
farmers suggest that regardless of the farming operation, there may be farm performance 
benefits to putting in place water footprint management practices. These benefits may be 
noted in stock performance improvements and overall value of the farm and most notably the 
bottom-line of the business as they may be reduced costs associated with improving on water 
use efficiency and ultimately also on water quality.  
8.6 Summary of chapter eight findings 
Majority of the farmers made references to both financial and non-financial measures 
as being key to understanding the impact of water footprint management on farm 
performance. References to both these types of performance measures are consistent with the 
organisational management and natural environment literature(Eccles, 1991; Kur & 
Rothenberg, 2008). The findings from the interviews highlighted how these financial and 
non-financial measures can be seen as important outcomes that may show the effectiveness of 
management decisions on resource use with water footprint management.  Costs and profit 
were noted as prevalent in the financial performance measures used by farmers.  
The findings reveal that farmers have varied opinions when asked whether their water 
footprint management practices were impacting their main or other minor performance 
measures. Some farmers pointed out that they could relate their quantifiable farm 
performance measures to their water footprint management whilst others could not. The 
varied responses reflected an awareness of changing business paradigms including a focus of 
businesses on the sustainability paradigm which poses a challenge to businesses who are now 
tasked with developing performance measures that reflect a more holistic approach. 
Regardless of whether they could quantify the impact of their practices on farm 




fertilizer nutrients as a vehicle to impact farm performance. Even though some of the farmers 
could not relate their practices to their chosen farm performance indicators, farmers believed 
that benefits may include eliminating the risks associated with accruing fines related to 
environmental degradation, intangible benefits such as aesthetics of the farm, and improved 
public perception about the role of farming operations in ensuring a cleaner environment. 
Among the farmers used in the research, the measures of farm performances as described 
concerning water footprint management could be grouped into 4 main types of water 
footprint related measures. These 4 measures centred on the impact of resource use such as 
fertilizers and the relation to aspects of water such as water quality and water quantity. 
Nitrogen use, Water use, Pasture growth and farm produce were the 4 water footprint 
performance measures related groups that the farming performance measures utilised by the 
farmers fall into.  
The chapter concludes on the findings chapter by bringing into perspective the 
question of whether it pays to be green? Although the question is answered to some extent by 
the respondents, there are still more questions to be asked with regards to how businesses 
such as livestock operations can relate their water footprint management and resource use to 
farm business performance within the livestock farming sector and what appropriate 
measures will suffice.  
The following chapter discusses the findings of the study concerning the research 










The preceding chapters 5 to 8  present the findings of the research some of which 
reiterate what the literature says on water footprint management, key resources used in 
improving water resources and how organisational performance measures may be impacted 
by water footprint management. This chapter as the conclusion of the previous chapter sums 
up discusses the findings in relation to the literature review and the research questions.  
In New Zealand, the pressure to improve water footprint presents a challenge to 
farmers but also has the potential to create a platform necessary for the development of 
capabilities that could help avoid a possible tragedy of the commons scenario with water 
resources. Several factors including institutionalised pressures such as regulations impact 
water management by livestock farming operations in New Zealand. These impacting factors 
may lead to the development of water footprint management capabilities through effective 
resource combinations. This study chose to interview award-winning farmers and understand 
how these farmers are impacted by factors that affect their water footprint management 
practices. The study also used the information from the farmers to understand the impact of 
their water footprint management practices on their farm performance from these farmers 
perspective.  
The data collected and analysed show that the farmers develop various resources 
configurations not only because of regulation and performance benefits but also because of 
other influences and drivers including their own personal goals as farmers. This also suggests 
that for the industry to be successful in encouraging value from water footprint management, 
policy considerations should consider various factors are noted to influence how water is 
managed, drive resource and capability development and processes as noted in the examples 
from the Farmers [WK1], [WK3] and [CB4] in this study.  
The research contributes to our understanding of the capabilities required to improve 
water footprint management from a resource combination perspective. The findings suggest 
that strategies to improve water footprint are people-intensive. In terms of the roles of 
practices, the findings suggest that profiting from pollution prevention practices is more 
likely if the farmer is inclined to adopt high technology practices which may come with high 




practices largely driven by tacit resources such as knowledge and experience developed to 
help farmers deal with the changing operating environment.  
There is a gap in the NRBV literature about how resources are utilised in response to 
increasing environmental constraint challenges and how such responses improve the impact 
of pollution prevention on farm business performance. The findings from this study make 
four contributions through empirical evidence:  
1. Farmers will choose resource combinations that are not likely to jeopardise the 
economic survival of the farm business whilst improving environmental sustainability: 
i.e. farm profitability is prioritised over environmental sustainability;  
2. Farmers believe that value can be derived from managing their water footprint through 
effective utilisation of resources; The findings showed that some participants invested 
in water footprint management practices to gain potential benefits for their farming 
operations;  
3.  The ability of farmers to improve water footprint management through the 
development of, and the improved use of resources, is limited by the internal and 
external environments within which farm operations are run; Water footprint 
management may be constrained by the farm operational environment; 
4.  The strategy chosen by farmers for water footprint management is driven by 
operational contexts. 
Together with the implications for the NRBV literature and the livestock production 




Table 28 Main findings and theoretical contribution of the study 
Main Findings Feature Theoretical Contribution Research question addressed 
Pollution prevention is 
people-intensive 
Excellent pollution prevention 
strategies/practices are driven by 
hedonic and gain goals of farm 
managers as well as synergistic 
effects of resource combination on 
strategic capabilities (derived from 
findings in Chapter 7 section 7.3.2 
These award-winning farmers are driven to improve on their water 
footprint by hedonic and gain goals. These goals are impacted by the 
drivers and influences of the managers/owners and these affect capability 
development on water footprint management. The capabilities identified 
have a base resource combination of physical-human. The effectiveness of 
these base resource combination is further enhanced by the utilisation of 
intellectual resources. 
Research question 2 
Effective water management 
strategy is driven by tacit 
skill development  
Excellent strategies/practices are 
significantly influenced by gains in 
knowledge and the utilisation of 
that knowledge (derived from 
Chapter 7 sections 7.3.2 and 7.3.3) 
The knowledge base of farmers and their ability to use the knowledge 
concerning water management is crucial in guiding the way they combine 
resources and what resources they need to combine to obtain optimal 
benefits whilst improving the environment  
Research question 2 
water footprint management 
is beneficial 
Deriving benefit from water 
footprint management can be 
realised from utilising tacit 
resources to drive the effective 
combination of resources and the 
process and routines involved in 
developing the capability (derived 
from Chapter 8 sections 8.4 and 
8.5) 
The key to potentially deriving benefits attributed to water footprint 
management on farms in the livestock industry lies in developing tacit 
resources (e.g. new knowledge, experience, resource organisation skills to 
achieve maximum benefits) utilised by the farm manager as noted 
throughout Chapter 7 section 7.3.2 
Research question 3 
The conundrum: Farmers 
will consider their approach 
to protecting water resources 
if it negatively affects the 
Water footprint management 
practices are likely to be adopted if 
the potential to adversely impact 
long-term farm economic failure is 
low or negligible (derived from 
Farms which are focused on improving their water management place 
greater emphasis on the economic benefit of their practices on farm 
survival 




Main Findings Feature Theoretical Contribution Research question addressed 
farm's survival and ability to 
stay in business 
Chapter 7 section 7.3 as well as 
Chapter 8 sections 8.4 and 8.4) 
Water footprint management 
strategies are significantly 
influenced by resource 
constraints 
Acknowledgement and 
understanding of farmer 
constraints by regulators and 
policymakers is critical in creating 
an environment that encourages 
effective water footprint 
management strategies (derived 
from findings in Chapter 7 section 
7.2 and 7.3) 
Proactivity strategies in water footprint management in the livestock 
industry is significantly impacted by resource constraints associated with 
meeting the demands of the changing regulatory environment 
Research questions 1 and 2 
The context determines the 
strategy  
The strategic direction of water 
footprint management adopted in 
terms of resource combinations 
and capability development is 
driven by the operating 
environment of the business 
(finding derived from section 7.2 
and 7.3 which look at both external 
drivers (external environment; e.g. 
compliance forces) and internal 
drivers and influences 
The external environment (including the regulatory environment), as well 
as other internal factors, influences decisions made by farmers regarding 
the development of water footprint management capabilities.  




9.2 Discussion of findings  
This research studied water footprint management by investigating award-winning 
farmers and how these farmers understand and manage their water footprint, what resources 
they used to build their water footprint management capabilities, and the farm performance 
benefits that could potentially be derived from improving water footprint.  
The research shows that farmers are faced with relatively new pressures on their 
impact to water and hence the concern and drive to manage water sustainably through lessons 
from practices and processes studied in this research.  
A focus on the relationship between increased regulatory challenges associated with 
the use of water and its effect on resource and capability development as well as the overall 
farm performance led to the identification of other ranges of influences and responses among 
farmers; the benefits arising also varied from the farmer perspective. These findings provide 
an important resource to discuss and understand the implications in informing policymaking 
around water use in the livestock industry and contributing to theory on organisational 
management, strategy and the natural environment. Thus, section 9.2.1 discusses the findings 
of human resource-intensive strategies and practices in pollution prevention around water 
management and its implication for the literature. The following section 9.2.2 discusses the 
important roles intangible resources such as tacit resources play in the development of water 
footprint management practices.  
Findings which showed that farmers do not combine resources in the same way as 
other farmers because of their unique contexts emphasised the importance of tacit resources 
thus also showing that capabilities may be firm-specific. Section 9.2.3 discusses whether 
there are benefits to be derived from water footprint management; Section 9.2.4 discusses 
findings on farmer’s resource decision making when faced with the conundrum of farm 
economic survival versus the environment; Section 9.2.5 discusses the observations made 
which suggest that the farmers interviewed are doing their best within their means to comply 
with rules and regulations on water management within the livestock farming industry and 
Section 9.2.6 discusses the implication of farm operation context on capability development 
in water footprint management.  
The section after this discusses the specific research questions, the findings and the 




9.2.1 Pollution prevention capabilities are people-intensive: The synergistic effects of 
resource combination on strategic capabilities 
The practices identified as being utilised by farmers to improve on their water 
footprint are noted to be pollution prevention practices. The literature review emphasises that 
pollution prevention capabilities seek to prevent waste and emissions rather than cleaning 
them up at “end of pipe”. Practices such as riparian buffers, fencing off, provision of stock 
water systems, stock crossing and grazing and winter management meet the criteria described 
in sections 3.4 and 3.9.2 and as noted in the findings are subject to continuous improvements 
due to regulatory changes and other influences and drivers including the goals and objectives 
of the farmer.   
 The strategic management literature says that strategies for pollution prevention are 
human resource-intensive (Hart & Dowell, 2011; Maas et al., 2014). Indeed, the practices 
identified as being widely-implemented by the farmers in this study incorporated human-
intensive elements including labour, knowledge, skills and experience. Labour, knowledge, 
skills and experience were noted as very instrumental to continuous improvement practices 
mentioned by farmers. The findings showed that the farmers used their knowledge, skills and 
experiences to improve on their water footprint management practices.  These were combined 
with the labour to create capabilities enhanced by the processes and routines. These findings 
reflect a continuous improvement characteristic of pollution prevention capabilities directed 
by human resources (Hart & Dowell, 2011).  These key resources play a significant role in 
decision-making about how resources are to be used to develop capabilities (Ondersteijn et 
al., 2003; Parminter & Perkins, 1997). Knowledge, skills, experiences and labour are human-
directed and are considered crucial to all decision making on water footprint management 
practices (Aragón-Correa and Sharma, 2003; Maas et al., 2014).   
Our findings emphasised on what the literature says that human resources are not 
operationalized in isolation. Instead, they are always used in combination with physical 
resources to form the basis of water footprint management capability. The effectiveness of 
this base resource combination is further enhanced by pairing with intellectual resources, a 
human resource which the most technological inclined of the award-winning farmers utilise 
more.  This technologically inclined group of farmers were also noted to be the most forward 
looking and are going beyond “just compliance” practices investing in newer technologies. 




farmer driven thus emphasising the importance of the human element in water footprint 
management.  These findings imply that there are major synergistic effects and value in 
championing a people intensive approach on capability development focused in water 
footprint. The effect of intellectual (a people focused resource) and financial resources on the 
effectiveness of physical and human resources is perhaps best described as a perfect example 
of ‘effective synergy’ rather than a ‘combination’, as their combined effect seems to be better 
at creating valuable capabilities (as evidenced by the proactivity of the farmers using them).   
Differences in the resource combination interactions between the resources used by 
the agribusinesses in this study appear to be reflected in the development of different sets of 
water footprint management capabilities by the farmers. Given that physical and human 
resources are common to all seven resource combinations, we can say that their pollution 
prevention is human-intensive. This also means that regardless of the capability development 
lessons that can be taken from this study, the people or human element is key. In terms of 
lessons from this study, it is important to ensure that the human element in a resource 
configuration is being improved under continuous improvement practices such as education 
and experiences.  
What this discussion on “pollution prevention is people-intensive” also means is that r 
can also focus on the other elements of resource combinations if physical and human 
resources are always being improved. The other elements of identified resource combinations 
are comprised of more than three resources i.e. the different combinations of financial, 
intellectual and social resources mean that there are three unique sets of resource 
combinations that can be explained further to enhance our understanding of (1) how different 
combinations result in different strategic capabilities, and (2) the lessons to be learned for less 
successful livestock agribusinesses.  
The three combinations we henceforth describe are Phis, Phsf and Phif. Their 
relationship to other resource combinations, and the inferred capabilities that may be 
developed as a result, are described in Figure 23. Each of these, and the natural resource 






Figure 23 Pollution prevention capabilities developed through resource synergies in 
agribusinesses 
 
The Phis combination illustrates the capabilities that may be directed by human 
resource in the absence of financial resources. Based on the findings, we infer that the 
advantages of this combination are best gleaned when agribusinesses are within close 
geographic proximity to each other and are therefore able to share experiences and 
knowledge in person thus utilizing their social resource. Operationalizing the resources in this 
synergy may lead to the development of farmers’ tacit skills and their knowledge transfer and 
dissemination capabilities. The development of these tacit skills and knowledge emphasise 
the importance of the human-intensive component of the pollution prevention capabilities 
that may be developed. As noted in the literature (Carpenter, Sanders, & Gregersen, 2001b) 
and confirmed by this study, what has driven water footprint capability of these farmers and 
will continue driving it is tacit resources and these are embedded in human resources. 
Farmers using the Phis driven capability are keen networkers and, as a result, their 
knowledge of the water management systems and strategies implemented on neighbouring 
farms means that they have also adopted a systems perspective of issues around water 




agribusinesses relying on the Phis combination as ‘Networking’, reflecting their strong use of 
knowledge to disseminate and engage in social experiences to improve the impact of their 
farms on natural water resources. Networkers are closely aligned with cluster 2 of the 
resource combination clusters identified. Cluster 2 resource grouping are characterised by 
high references and reliance on human-social-physical resource base to drive water footprint 
management. This resource base is evident in the description of networkers.  
The activities described for farmers using the Phsf combination show what can be 
achieved when human resources are driving financial resources acquired and synergized with 
the social resources of Networkers. We refer to the activities of farmers relying on this 
synergy as ‘Consensus Building’. Consensus builders are closely aligned with cluster 1 
resource group that contain farmers and farm operations that highly reference physical and 
human resources. To be able to acquire these physical resources, this group depend on 
significant financial injection which coupled with other resource ensure that their operations 
water footprint are being managed effectively. These farmers also rely on a combination of 
expert and peer advice to select the best water management technologies and solutions for 
their farms. Consensus building involves all the social networking and discussions involved 
in Networking but, because the farmer has access to financial resources, engagement with 
social activities appears to be driven by the intention to invest in technology-based solutions 
and strategies for on-farm water management. Social engagement leading to investing in 
water footprint management capabilities might suggest appealing to peers and other 
stakeholders as well as attempting to conform to institutionalised pressures. This view leads 
to the consideration of the goals objective of the farmer as discussed in the literature 
(Lindenberg & Steg, 2013; O’Reilly III, 1982). In consideration of the goals and objectives of 
farmers driven by social engagement, pollution prevention practices may be driven by 
hedonic or normative goals and gain goals. This discussion of goals influencing tacit 
resources in water footprint management is echoed by other researchers (Gbetibouo, 2009; 
Wheeler et al., 2013)who emphasised that potential financial rewards and other driver 
incentives are very important in directing farmer use of resources including knowledge, 
experience and technological learning to guide their development of practices and processes 
used on farms.  Farmers being driven by goals confirm the human resource intensity of 
pollution prevention capabilities.  
Indeed, it is important, here to distinguish between the motives behind the use of the 




to be the development and deployment (through networking) of the farmers’ tacit resources 
around on-farm water management. On the other hand, the motivation to use Phsf resources 
is to mobilise these networks and leverage expert consultation and advice to select the best 
technologies for sustainable management of the farm’s water resources. It is also important to 
note that the groups of farmers that use these resource synergies are not mutually exclusive. 
The lack of mutual exclusion means that farmers may leverage both synergies on the same 
farm, though, we suggest, not simultaneously. This leveraging of synergies emphasises the 
role of the farmer in utilising the developed capabilities. We speculate that the Phis resource 
combination is used by farmers more advanced in their management of on-farm water 
resources to develop their networks and establish their intellectual niche within the industry, 
before operationalizing the Phsf resource synergy to leverage these networks for building 
consensus and selecting the best technologies and practices for their farms.  
That the identified resource combinations and synergies are not mutually exclusive 
calls to mind the fact that there appear to be decreasing numbers of farmers in this study who 
use the more complex combinations and synergies. While all participants used the basic Ph 
combination, fewer used the Phf and Phs combinations (20 and 15, respectively), and even 
fewer still used the more complex Phis, Phsf and Phif resource combination (9, 4 and 1, 
respectively) (refer to Table 20). From this, we infer that the more complex the combination 
of resources, the more difficult it is to operationalize successfully. That WK3 is the only 
participant found to operationalize the Phif resource combination suggests that this is perhaps 
the most difficult to attain and that participant WK3 himself may have developed unique 
water management capabilities. This case merits closer investigation.  
Participant WK3 and the Phif combination are characterized by activities that we 
describe as similar to those of a ‘Technology Champion’. Even though farmers like WK3 
resource synergy falls under cluster 1, they are represented outliers that have built on their 
consensus-building characteristics and have added financial resources as a major resource to 
ensure that they are putting into practice state of the art technology for water footprint 
management. From the data analysed, WK3 has implemented state-of-the-art water resource 
monitoring and impact mitigation technologies and strategies on his farm. He is one of the 
most awarded farmers in the study and utilizes all three of the complex resource 
combinations identified in Figure 23 with the physical-human resource as the base. He does 
not rely solely on the advice of experts and peers – he is known to undertake his analysis of 




feasibility and cost-benefit analyses. The use of this capability appears to be focused on 
know-how, rather than knowledge development, and the farmer’s ability to identify and 
implement solutions that are specific to the unique circumstances on-farm. This is evident of 
pollution prevention strategies being people-intensive.  Also, as evident from WK3, it 
appears pollution prevention practices involve pushing the envelope, investing in risky 
technologies and new strategies, to ensure better and more sustainable water management 
outcomes. This is a point already emphasised in the literature (Galeazzo et al., 2013; Hart & 
Dowell, 2011) and cemented by the findings from this study This farmer is also seeking to 
capitalise his success in water management into new technologies that have, themselves, been 
marketed successfully to other farmers (M. A. Hitt et al., 2000; Kim, 2013). 
9.2.2 Tacit skills development drive industry recognised leaders in water footprint 
management 
Tacit skills, a human resource also noted as an intangible resource (Carpenter et al., 
2001; Holcomb et al., 2009; Kor, 2003; Sirmon & Hitt, 2003) is a crucial component needed 
to guide strategy development and implement pollution prevention practices to improve the 
water footprint management of businesses. Findings from these farmers relying on 
knowledge acquired and being used are seen to support this view from literature (Carpenter et 
al., 2001; Holcomb et al., 2009; Kor, 2003) that the strategy of leading firms depends on the 
guidance of intangible resources such as tacit skills developed and the processes associated 
with it to turn knowledge, skills and experience into valuable tangible capabilities like water 
footprint management capabilities seen among the farmers studied. Among the farmers, it 
emerged that the utilisation of tacit resources made some farmers stand out (WK1, CB1, 
OT8) from the rest of the farmers (albeit all interviewees were leaders in water management 
in the livestock industry). These tacit resources were embedded in the farmers' knowledge 
and experience about managing impacts of their operations on water. Researchers have 
shown the benefits of tacit resources embedded in managers and how they lead to 
organisations meeting their objectives such as pro-environmental goals (Carpenter et al., 
2001b). The intelligence and the excellent insights that these farmers interviewed showed, 
along with the high incidence of knowledge-seeking and the ability to convert these 
intangible resources into tangible processes or products, were identified as key differentiators 
which were not prevalent all the farmers in the group of respondents. Taken together, this 




performance on water footprint if most farmers are provided with the platform and tools 
necessary for improving on their skills, knowledge and experiences with water. 
Tacit resources are key to water footprint management. This is evidenced by how 
experiences and knowledge play a role in the decision of farmers to settle on practices which 
are impacting their water footprint management positively.  As the findings show, knowledge 
about potential benefits is one significant example of how tacit resources from the findings 
feed into the decision making of farmers. This is majorly noticeable from the findings from 
the farmers who relied heavily on high technologies. The inference drawn from the practices 
that these farmers particularly three of the farmers considered the most technologically 
inclined were putting in place is that they are driven by relevant, recent high-level knowledge 
about benefits of putting in place their water footprint management practices. This knowledge 
included challenges that exist specifically concerning their agribusiness operations i.e. 
context. Knowledge about their context is important in directing how resources are used and 
capabilities are developed (Holcomb et al., 2009; Price & Leviston, 2014). The evidence 
from the study complements what already exists in the RBV literature on the impact of tacit 
resources on organisational development and deployment of capabilities(Holcomb et al., 
2009; Pagell & Gobeli, 2009) as well as the reference to contexts in directing the 
development of tacit resources to aid water footprint management. This also adds to the 
growing body of literature being developed around the NRBV(Barney et al., 2001; Menguc 
& Ozanne, 2005). Focusing on the actions of these farmers in terms of their utilisation of tacit 
resources such as knowledge, experience and excellent insights also supports the approach of 
referential pragmatism as the epistemological vehicle to gain knowledge which can be 
utilised to inform other farmers in the livestock industry. Referential pragmatism as presented 
focuses on the knowledge that can be generated from farmer actions and how the knowledge 
can be utilised for the benefit of the livestock industry(Goldkuhl, 2006). This methodological 
approach following the pragmatic paradigm chosen for this study acknowledges the 
importance of tacit resources such as knowledge for enhancing farmers tacit resources and 
capability development to improve the industries water footprint.  
In adding to the literature on strategy and the natural environment, these farmers as 
noted in the findings were also inherently being driven by their knowledge base about 
science, technology and the costs and benefits associated with effective water management. 
Their knowledge, as the literature posits(Lundqvist, 2001; Selbie et al., 2013), is crucial in 




they need build capabilities that will yield benefits whilst improving the impacts to the 
environment.  As noted by the findings, the type of knowledge that these farmers utilise is not 
knowledge that is considered widespread among farmers in New Zealand or knowledge 
circulated as industry best practices by bodies such as AgResearch and other local industry 
bodies. This knowledge is acquired through personal pursuits and is driven by personal desire 
for creating value out of relevant new knowledge(Lindenberg & Steg, 2007; Steg, Bolderdijk, 
et al., 2014). 
Intangible resources specifically, tacit resources such as knowledge is critical in 
bundling resource processes to obtain optimal results in building capability (Carpenter et al., 
2001; Sirmon & Hitt, 2003). The findings from this study support these conclusions from the 
literature. The findings also seem to strengthen the point made in the literature that capability 
development is dependent on manager attributes such as experience and knowledge about 
contexts and practices (Galunic & Rodan, 1997; Nahapiet & Ghoshal, 1998; Tsai & Ghoshal, 
1998).  What this study adds is that effective bundling of resources to enhance performance 
in terms of both the environment and farm economic performance is significantly driven by 
various tacit resources such as knowledge, skills and experience and the processes involved 
that enable the farmer to harness these tacit resources and generate value when the 
environment presents itself as a constraint.  
For practice and industry, the above findings suggest that tacit resources such as 
farmer skills, experience and knowledge are critical to improving the overall contribution of 
the livestock industry in improving water resources. Knowledge on water footprint 
management might be out there and readily available, however, this may only benefit the 
industry if an operating environment (context) that encourages accessing this readily 
available information is created. Such an enabling environment may lead to farmers utilising 
the knowledge and skills gained to help create shared value for the livestock industry.  
To sum up, the thoughts expressed in this discussion section, tacit resources like 
knowledge when utilised effectively in resource combinations and its associated processes 





9.2.3 Is Water Footprint Management beneficial? 
There is evidence of benefits being derived from natural resource management like 
water in examples from the literature review (Ballantine & Davies-Colley, 2014; Clark et al., 
2007). The findings reveal that this may be true from the farmer perspective. Potential 
benefits as the literature review and the findings show are grouped under financial and non-
financial (Hubbard, 2009; C. Saunders et al., 2007). The literature review highlights findings 
on capabilities such as carbon footprint management and environmental life cycle 
management developed by the agribusinesses and how these impact the firms’ performance 
in terms of improving profitability and reducing costs (Michalisin & Stinchfield, 2010; Yang 
et al., 2011). For water footprint management capability developed, consumers, as seen with 
other noted natural resource management capabilities, may be willing to pay premiums as the 
cost for environmental sustainability related to the produce coming off such farms (Dinar & 
Zilberman, 2012; Molden, 2007). This willingness to pay such premiums for the benefit of 
ensuring the sustainability of water resources may be seen as a benefit of improving water 
footprint. Natural resource management related premiums are one indicator of benefits that 
can be generated from sustainably managing natural resources. When premiums add up, they 
may impact the financial bottom-line of a farming operation. Water footprint management as 
a capability has the potential to improve the financial bottom-line of their businesses in the 
short to long term. For others, they hold the perception that it does not add much to the 
economic value but it does add to the aesthetic value. However, these findings suggest that 
there might be a range of benefits to be realised from improvements in water footprint 
management. The literature (Dinar & Zilberman, 2012; Wang & Ahmed, 2007) on benefit 
derivation from resources and capabilities suggest that capabilities like water footprint 
management have to have certain characteristics which will lead to the generation of 
beneficial value. These characteristics are the VRIO characteristics in certain 
instances(Barney, 2001; Newbert, 2008) discussed in the literature review. 
As the findings showed, only a few of our award-winning group had put into practice, 
water footprint management practices, that could be considered rare, valuable, non-
substitutable or difficult to imitate/emulate within the confines of their local livestock 
industry in place. These findings suggest that this may be the case in the livestock industry as 
most farms do not often differentiate themselves with the practices they put in place. This 
means that only a few farms may implement practices that share VRIO characteristics. 




minority. Following up on this, most of the farms in the other groups showed a range of 
levels of proactivity in terms of what they were putting in place. Several types of practices 
could be replicated easily because the key resources they rely on are tangible and followed 
industry recommended requirements. The farmers also showed conforming to pressure 
attributes thus leading to the adoption of the normative practices which did not exhibit VRIO 
characteristic. What set some of these farmers apart was the processes and routines involved 
in developing water footprint management capability. These were driven by the tacit resource 
in the form of knowledge and experience. What this finding suggests is that the benefit of 
water management capability may be enhanced by the adoption and utilisation of tacit 
resources which is human-intensive. These findings are in line with what the literature says 
about capabilities – Capabilities are firm-specific and the related processes and routines are 
driven by tacit resources to help the firm achieve its objectives which may include financial 
or non-financial benefits (Barney et al., 2001; Eisenhardt & Martin, 2000; Huang et al., 
2010). The adoption of certain resources to achieve farming objectives may be beneficial in 
the long term as these resources may become permanent fixtures that bring value to the 
farming operation. These key resources are noted as benefits from the drive to improve on 
water footprint management. 
In the case of the farmers considered the most innovative of the sample, the findings 
suggest that their practices exhibit VRIO characteristics now. However, like in any industry 
where competition exists or where the potential to replicate exists, other farmers who are not 
necessarily considered competitors will attempt to replicate the success of the leading farmers 
in response to tightening regulations. The replication of these practices might wipe away the 
individual advantage that the industry-recognised farmers might have within the livestock 
industry regarding water management but paradoxically may elevate the position of the 
industry. One aspect of their water footprint management that will always be difficult to 
replicate as mentioned via the discussion of the influence of tacit resources is the way that 
individuals combine and utilise the resources they have at their disposal. This is a tacit 
resource that is difficult to replicate. The findings support those of Christmann (2000) that 
within an organisation, the degree to which businesses add value to their practices may 
depend upon the presence of complementary assets and supporting routines. This also 
contributes to improving the pollution prevention literature under the NRBV through 





Within a livestock industry where there is no competition to access markets because 
of the co-operative structure governing the supply chain, farmers competing on tangible 
resource attributes embedded in the VRIO can expect the advantages to be eroded over time. 
However, at the human resource level, it is challenging to replicate how key resources are 
combined with other complementary resources to build capability, it is a challenging task to 
replicate and one that has a benefit for the fact that it's leading to unique outcomes for the 
farm which are also impacting on the bottom-line For example, within the Phifs resource 
bundle group, the way an interviewee [WK1] manages his social interaction within his supply 
chain together with his knowledge of science to derive value from his water footprint 
management practices are observed to be different from the way interviewee [CB1] did to 
derive similar benefits from his practices. [WK1] had built a beef produce operation 
generating premium prices from the effect water footprint management had on the livestock 
on his farm and the farming operation.  The mix of animal breeding coupled with the 
reduction in livestock numbers and putting in place high technological advances on reducing 
the farm's impact on water had created a capability that showed VRIO characteristic thus 
ensuring a competitive advantage that led to financial and non-financial benefits.  [CB1] did 
not pay much attention to his social interaction within the supply chain as much as 
interviewee [WK1] but his strength was in the way he used his physical resources (high 
technology and intellectual resource).  What this means for the livestock industry is that, for 
other farmers to catch on with regards to improving water footprint management, farmers 
must share information to help the collective lot regarding how they implement resources to 
improve water footprint management.  
Based on the findings, this discussion suggests that there is benefit in water footprint 
management but to capture the benefit, efforts are required around understanding how 
resources complement each other and the degree to which they are utilised together to create 
the benefit be it financial or non-financial. These findings also support findings from previous 
work (Dewes, 2014; Monaghan et al., 2008). 
9.2.4 The conundrum: Farm Economic Survival versus the environment 
One question that seems to always concern businesses that incorporate environmental 
sustainability into their operations is whether it is necessary to continue such practices if the 
benefits are not improving the financial bottom-line of the (farming) enterprise(Esty & 




literature. does it pay to be green? In response to this questions, the findings showed that the 
farmers studied pointed out that although they were keen to reduce their impact on water 
resources in and around their farm operations, it will not be at the expense of the survival of 
the business and their ability to stay in business. 
Livestock operations are organisations that allow farm managers to evaluate the 
economic, environmental and social benefits of water footprint management practices 
(Humphrey, 2006; Jansen, Jansen, & Vellema, 2004; Saunders, Kaye-Blake, & Shadbolt, 
2007). In the present study, most of the farmers always seemed to weigh up the benefits of 
their practices in terms of contribution to the environment against the benefits to the 
economics of their operations. Managers in other industries have been noted to approach pro-
environmental capability development in the same manner (Judge & Douglas, 1998; Molina-
Azorín, Claver-Cortés, López-Gamero, & Tarí, 2009). The views expressed on the issue of 
economic versus the environment by the farmers suggests that farmers are forced to be 
“pragmatic” i.e. decision making inclined towards financial viability of their farming 
operations.  
Farmers are faced with decisions on cost, revenues, return on investments and other 
measurable and non-measurable indicators of farm performance which translates to farm 
operating to make profits or reducing costs in ways that allow the farms to continuously run 
for some time. At the same time, farms are being pushed to implement practices aimed at 
reducing environmental impacts. Such decisions for farmers may be difficult but as 
confirmed by the research literature (Gbetibouo, 2009; Risbey, Kandlikar, & Dowlatabadi, 
1999; Wheeler et al., 2013), when faced with such dilemma, a greater emphasis is placed on 
the financial aspects of the farm operation to ensure farm survival. The literature emphasises 
what the findings note i.e. farmer behaviour and decision-making is driven largely by 
financial rewards and economic incentives (Risbey et al., 1999; Wheeler et al., 2013). This 
finding also aligns with what the literature (Lindenberg & Steg, 2007; Steg, Bolderdijk, et al., 
2014) discusses on ith goals of the farmer especially gain goals which are related to the 
profit-making objectives of the farm manager. Concerning capability development, the goals 
of the farmer as has been noted by the literature drives the processes and routines involved in 
building water footprint management capabilities. In the case of gain goals such as 
profitability and cost reduction, this may suggest a driver of processes and routines necessary 
to ensure the financial viability of the farming operation over choices of environment 




NRBV concerning the resource decisions managers must make when faced with these kinds 
of conundrums. 
The implications of related findings suggest that decisions are made to ensure that the 
farms still stay profitable and financially stable in the short to long term. These decisions may 
be sometimes driven by the goal objectives of the farmers. The implication for the industry is 
that in the development of practices to improve water footprint management at the farm level, 
attention should be paid to developing practices which ensure that farm businesses perform 
well and stay profitable whilst also performing the environmental sustainability function 
effectively. Attention should also be given to the goals of the farmers as mentioned as well as 
the processes and routines that support the attainment of the farmer goals. Most especially, 
the processes and routines as they form the building blocks for the attainment of the goals. 
This also means a focus on choices of effective practices aimed at improving water footprint. 
Consideration should be given to developing required practices which are relatively 
inexpensive to be taken up. These practices should be effective in reducing the impact of the 
livestock industry on water resources. 
Farm financial/economic survival is very important to maintaining and growing a 
vibrant livestock production industry(Finney et al., 2005; Ondersteijn et al., 2003). Similarly, 
the improvement of the water resources environment that the industry relies on is also 
important(R. Collins et al., 2007; Zhan-Ming & Chen, 2013). Although it is difficult to 
ensure equal focus on both by farm businesses, several of the respondents show that the 
balance can be found and that, combining resources through unique processes and routines to 
develop effective water footprint management capabilities can contribute to improving the 
financial bottom-line of livestock production businesses(Craig & Dibrell, 2006; Molina-
Azorín et al., 2009; J. Morris, Gowing, Mills, & Dunderdale, 2000).  
The conclusion is that although improving the environment is important for 
agribusinesses and the industry, farmers will always prioritise farm survival over the cleanest 
of environments, especially if prioritising the cleanest of environment will lead to farm 




9.2.5 Farmers are doing their best to comply: Constraints and the effect on resource 
development and utilisation 
Resource constraint is a major common challenge that all respondents mentioned as a 
constraint in achieving their pro-environmental objectives. The literature discusses this  
(Greiner & Gregg, 2011; Herzfeld & Jongeneel, 2012; Knox et al., 2012) as a challenge that 
businesses (including livestock farming operations) have to deal with. Resource constraint 
can be challenging in such a way that it could act as a driver for farmers to utilise alternate 
resource development tackling the same goals (Buckley & Carney, 2013; Esty & Winston, 
2006; Rockström & Falkenmark, 2006). The findings from the study show that one way that 
some of these farmers deal with the resource constraints is to do their best within their means 
to comply with water resource requirements. This means utilising the resources they have on 
hand or bringing in resources they can afford to introduce for capability development.  
Previous research (Lennox et al., 2011; Memon & Selsky, 2004; Weber et al., 2011) 
make the point that farmers believe that, through working with relevant stakeholders and 
policymakers, they can help these industry players understand their issue of resource 
constraint. This view from the literature coupled with the findings from the farmer interviews 
points to the same expectations. Farmers may be hopeful that industry requirements and 
regulatory development will take into account the issue of resource constraint when the rules 
around limits and regulations are being put in place for the industry. Farmers work closely 
with stakeholders such as regulators and policymakers to ensure that the regulators 
understand their challenges.  However, the outcome is not always positive for farmers in that 
regulators and policymakers may not have clarity of all the challenges facing farmers. These 
challenges include the resource constraints they face in improving their water footprint 
management. When faced with such constraints, farmers make do with that they have as the 
literature review shows. This interview data re-emphasised this. In response to the 
constraints, farmers resort to developing alternative resources or combining resources to 
create water footprint management capabilities to improve business performance and water 
footprint simultaneously. This finding on responses to resource constraints is consistent with 
findings around resource literature (RBV) from other industries in the literature (Galeazzo et 
al., 2013; Yang et al., 2011). Hence these data support the existing literature on what happens 
to businesses when they are faced with constraints. One of the answers from the present study 
suggests that businesses find a way to utilise the resources they have at hand or they are 




In terms of implications for the industry, relevant industry stakeholders need to 
acknowledge that farmers face resource constraints in the process of improving their water 
footprints. Collaborating with them to understand these constraints can help improve the 
performance of their businesses with improving water resources. This might mean 
encouraging the development of strategies and capabilities that are closely aligned with the 
resources that these agribusinesses possess. However, based on what the literature on drivers 
of new resources and capabilities (E. Collins et al., 2010; Olson, 2009) points out about the 
resulting positive effects on industry innovations, it might not also be advisable for 
regulations to be too lax since the challenge of resource constraints faced by farmers in the 
quest to improve water footprint management of the industry will stimulate innovation.   
One appropriate solution might be in studying what drives the leading farmers 
regardless of the constraints they face and taking cues from the understanding of what drives 
their innovative practices. This approach can also inform strategy development through 
farmer education focused on developing capabilities to deal with resource constraints faced 
by most farmers in the industry.  
9.2.6 Does the context determine the strategy? 
The environment within which businesses operate is known to influence the strategy 
taken to improve on environmental impacts of businesses(Greiner & Gregg, 2011; Nilsson & 
Dalkmann, 2001). This operating environment is what the author refers to as the farm context 
and consists of the internal and the external operating environments of the business. These 
contexts could be dynamic in that changing impacting factors such as regulation may lead to 
the accumulation of new resources and capabilities that may lead to outcomes for business 
strategies, a view espoused by Harrison et al., 2001 
The findings show that the practices that these farmers utilised were influenced by 
several factors. Within the internal confines of the businesses, factors such as farm history 
and outlook, access to finance and aims of triple bottom line objective were noted as dictating 
the resources that these farmers used to develop their water footprint management 
capabilities. From the external environment, contextual characteristics such as regulations, 
general challenges to water sources and prominent water resource contexts such as the ones 
outlined in Table 9 in chapter 5 also play significant roles in informing the strategic 




  For instance, the ownership structure (related to the history and outlook) was noted 
as a factor that was influencing decisions on how much money farms spend on water 
footprint management measures. Ownership structures such as equity partnerships led to a 
focus of partners concerns about breaking even and making enough profit to sustain the 
businesses. This was reflected in the practices they put in place as most were normative and 
did not go beyond compliance and were designed to minimise costs as far as possible. This 
might suggest that equity partnerships in the livestock production industry are more likely to 
take a defensive stance in their approach towards water footprint management. Other 
ownership structures may end up with similar outcomes for water footprint management in 
practice. Concerning the literature, the approaches adopted by equity-owned farms could be 
considered as empirical evidence supporting the work of Blackstock et al., (2010) who point 
out that farmers/farm behave differently by way of how they devise strategies to protect an 
income source or ensure the survival of the business. All these findings seem to support what 
has been referenced in the literature around contexts and how influential it is in decision 
making(Delmas & Toffel, 2008; Oliver, 1997) 
Operating in different farm systems and contexts, different practices were initiated for 
the same issues on water quality and water quantity. These differences in practices 
highlighted the influence of having the ability to utilise financial resources to adopt high 
technology practices in the case of some farmers and utilising cheap effective practices to 
deal with the same water resource problem as with the case with other farmers interviewed. 
Similarly, from an external operating environment context, farming operations dealing with 
the same issues on water quality or quantity had to approach it differently due to prevailing 
regulatory systems or even different landforms on which their operations are being run. 
Agribusinesses responded to water footprint challenges differently in the water footprint 
management capability development stage as a result of being impacted and driven by their 
contextual influences and drivers What this means for the resource-based view and the 
natural resource-based view literature is that there is a lot to learn contextually(See 
Campbell-Hunt, 2001; Risbey et al., 1999) in the process of attempting to understand the 
natural environment in which businesses operate, the business environment, the external 
regulatory environment which includes drivers like compliance and environmental auditing 
and how these impact on how resources and capabilities are utilised to meet goals other than 




From a theoretical contribution point of view, the findings imply that business 
environment contexts may be influential in generating institutional pressures which may, in 
turn, lead onto adoption of various practices also influenced by the context of the farmer in 
terms of influences and drivers. The utilisation of resources for the water footprint 
management capability development are impacted by contexts such as the regulatory 
pressures and personal influences such as the inclination to keep the farming operation in the 
family for generations. These are just examples of several contextual influences mentioned in 
the study.  Some studies (See M. A. Zimmerman & Zeitz, 2002) have attempted to 
understand contexts and how they influence capability development but none has approached 
this using the livestock farming industry in a country like New Zealand. These findings in 
this section also support the NRBV literature by re-emphasising the influence on institutional 
pressures as well as other pressures (Bansal & Roth, 2000) on resources are used to tackle 
challenges faced by water resources from agricultural systems.  
Implications for the livestock industry are that the strategic direction for water 
footprint management capability is also driven by contexts within which livestock businesses 
operate in. This implies that the rules and limits set for the industry regarding the sustainable 
utilisation of water resources can significantly affect how various agribusinesses utilise the 
resources they have at their disposal to improve the internal environment of their businesses 
and improve their impact on water resources which may improve on legitimisation within the 
industry.  
9.3 Implications for the livestock production industry in New Zealand  
What makes up water footprint management at the farm level?  
This section presents the implication of the research further on from the discussions in 
the previous sections in this chapter.  
 There are certain components of the farm environment that farmers focus on to 
improve their water footprint management. This is a lesson re-emphasised from the findings 
and the discussions of the findings. These components include aspects of the farm 
environment such as climate (precipitation and dry spells), crops that are grown to feed 
livestock, fertilisers, livestock, soil and the presence of natural water bodies in and around the 
boundaries of the farm property. These constitute an aspect of the contextual scenario which 




management. In comparison to what is in the literature, this finding on water footprint related 
farm components echoes the views shared that contexts i.e. these components of the farm 
environment context must be focused on to improve the impact of farm operations on water. 
The implications of such findings and discussions on these contributing components of water 
footprint at the farm level may mean major stakeholders such as farmers coming together 
with regulators and other stakeholders, developing management processes that measure the 
contributing impacts of these various components of the farm environment to water footprint 
and developing basic capabilities configurations geared towards improving on the water 
footprint impact-related data collected on the various farm components. The finding from 
some of the farmers insinuates that this is being done however, it is also clear from the 
findings that the existing practices are not widespread to encourage farmers to measure the 
impact of various farm components on their overall water footprint and utilize designed 
resource configurations to improve their impacts if there are shortfalls.  
Farm environment contextual scenarios are key in estimating and understanding the 
impact of livestock farming on water resources (Hoekstra, 2012; Jakobsson & Dragunt, 1991; 
Mackay, 2008; Selbie et al., 2013; Wheeler et al., 2013). Any strategy to manage the impact 
of livestock farming on water resources within the livestock industry should incorporate 
approaches that will keep track and aid management of the contextual influence of these 
components on the farm contribution to water footprint. What this also means for the industry 
is that tools and practices, as well as the other resources that are being developed towards 
improving the water footprint management capabilities of the livestock production industry, 
should ensure that data such a regional, local, catchment and farm-level data relating to 
managing the influence of climate, fertiliser, crops, livestock, soil and natural water bodies as 
noted by the farmers are incorporated into any system to improve the management approach. 
The impact of knowledge including contextual knowledge on farm practices is 
observed as significant as a contributor to improving water footprint management. 
Developing farmer knowledge about these water footprint contributory components may be 
an important step towards the goal of improving the water footprint of the New Zealand 
livestock agricultural industry considering that farm environments come under different 
context including regulatory and landforms.  To do this, it is necessary to consider a relevant 
approach that seeks to enhance farmers knowledge about influences to their water footprints 
and also enable them to develop relevant water footprint management capabilities 




Further on, consideration of such a farmer knowledge building approach on 
contributory farm components of water footprint should consider points made in earlier parts 
of the discussion chapter regarding low hanging fruits which can help make relatively bigger 
impacts improvements. This means that basic aspects of the approach should emphasise 
training and education as well as focusing on putting in place infrastructural or physical 
changes in the farm system as seen with some of the model farmers studied. This will cater to 
improving water footprint impacts with the components of the farm system mentioned by the 
farmers as crucial when dealing with water footprint management. This knowledge building 
will also mean efforts should be placed on educating and training on measuring and 
accounting for water footprint and utilising a guideline to develop unique capabilities for 
unique contexts that capture the use of available farm resources or at least utilise acquired 
farm resources which can improve the baseline. 
Regarding the concern of how agribusinesses combine resources in water footprint 
management at the farm level in New Zealand, the findings revealed on the back of resource 
challenges that farmers may face that, three resource combination cluster groups exist among 
the surveyed farmers. Resource constraints could act as drivers and may be the reason why 
social resources are especially important. When farmers lack resources, they seek ways to 
make do with what they have, using social interactions that may inform them on how to 
utilise their existing resources or help them acquire new resources for their water footprint 
management. Social resource use involves farmers interacting with advisors, research bodies 
and other industry-leading organisations to enable farmers acquiring knowledge and 
experience to complement other resources to build effective water footprint management 
capabilities (See Carpenter et al., 2001; Sirmon & Hitt, 2003). Intellectual resources such as 
proprietary knowledge around technologies (OVERSEER is one example) may also be 
crucial in the process of improving the water footprint impact of the livestock industry. The 
discussions in the previous section note the theme that resources such as intellectual resource, 
the majority of which are considered tacit resource may drive water footprint related skill 
development in the industry. Knowledge-based resources such as intellectual resources could 
be leveraged together with other tacit resources into valuable capabilities that would provide 
farmers with sources of relevant information to help create improvements and potentially 
help differentiate their system. Two of the farmers in the present study have developed such 
capabilities to assist them with implementation, and one has turned this into a business. 




products and how the farming system protects the water. The implications for the industry 
may be that even though resource constraints exist for all farmers, social interactions among 
farmers and resource personnel in the industry should be a priority for policymakers and 
other organisations such as federation farmers for water footprint related knowledge and 
experiences to be relayed for onward utilisation by farmers. The processes involved in 
developing the social resource capabilities of farmers should be championed by crown 
institutes, related regional council divisions, the research industry etc. Guidelines could be 
developed which may aid the interaction of farmer social resources with other available 
resources for the goal of improving on the water footprint of individual farm level water 
footprint. This also supports the view from the study that pollution prevention capabilities are 
people-intensive. 
What this also means is that policymakers and other relevant decision-makers in the 
industry need to pay attention to developing programs to ensure that livestock farmers 
improve their ability to utilise their knowledge and experience to develop their innovative 
solutions to problems. 
A resource constraint noted which has significant implication for the livestock 
industry’s performance on water footprint management is access to financial resources. In the 
case of some farmers for whom this was less of a challenge, the flexibility associated with 
having access to readily available financial resources helped provide them with more options: 
for example, they could invest in higher-end technologies (such as precision irrigation 
technologies), and it allowed these farmers the flexibility to put in place practices they 
deemed as preferred solutions to the challenges they faced with water without any financial 
constraint. Resource constraints affect the ability of farmers to develop more robust 
capabilities for water footprint management. When this happens, they make do with what 
they have. Policymakers and other decision-makers need to understand the influence of 
having readily available resources such as financial resources and the role it plays in building 
water footprint capabilities. Tangible resources like financial resources are crucial in 
developing, acquiring and complementing other existing resources to meet the objectives set 
out to reduce the water footprint impacts and improve business performance. Contextually, 
having access to a wide array of resources will determine the strategy farmers put in place 




Altogether, the value of some of the findings on resource configurations is that it may 
inform industry and relevant policymakers that physical, human and social resources may be 
crucial building blocks for improving water footprint impacts at the farm level through 
relatively inexpensive actions. These human-driven bases of resource configurations re-
emphasise the importance of people or farmers in the decision-making process of improving 
the impact of the livestock industry on water resources. The effective utilisation and 
combination of these resources with other resources could be used to create capabilities on 
model farms advancing how water footprint improvement could work in practice whilst 
avoiding expensive technological adoptions. What this also suggests is that an effective 
combination of resources such as the practical insight of the manager, a sound knowledge 
base of the staff and the manager, experience of the manager concerning environmental 
practices and the utilisation of key contacts and relationships may be one prime example of 
how an effective water footprint management capability may look like.  
From a strategic management perspective, as to how resources are combined, it is 
important not to forget that the farm enterprises studied are all unique in terms of the 
contexts, the factors and influences that impact the farmers’ behaviour around resources they 
consider these for water management in line with the goals of the farmer (See Holcomb, 
Holmes Jr, & Connelly, 2009; Price & Leviston, 2014).  
The findings of this research highlight some key factors with strategic management 
around improving the water footprint of the livestock industry in New Zealand. Firstly, there 
is a need to focus on designing strategies that will ensure that farm businesses can be closely 
aligned with farm resource bundle cluster 1 and 2 (see section 7.3), taking into account the 
context under which they operate. This might mean developing programs that help farmers 
develop the ability to utilise the knowledge and experience they have and the knowledge they 
acquire. This people-intensive tacit resource is central to putting practices and strategies in 
place that can be coupled with physical and human resources which are considered “low 
hanging fruit” resources; these can then be used effectively to influence the direction of the 
farm business in terms of the environment as well as the balance sheet of the farm.  
While access to financial resources is critically important, the means to achieve this 
are not obvious, other than to state that this could be guided by public policy working with 
banks and other financial instruments to provide the actual financial facilities. Access to 




management is a further resource that the researcher deems might hasten the process of 
ensuring that the livestock production industry improves with regards to water footprint 
management. 
Farm performance from an economic perspective is very important for farming 
operations in New Zealand and it is clear that for most farmers, this takes precedence over 
environmental sustainability goals and objectives. Various farm performance metrics are 
utilised to ascertain farm performance. Concerning water footprint management and its 
related impact on farm business performance, the findings suggest that farmers are looking 
for measures that can help them quantify the corresponding effects of putting in place water 
footprint management practices on farm performance metrics. Four water footprint 
management related performance measures noted in Chapter 8 are likely the most significant 
measures farmers can relate to ascertain corresponding improvements in reduction of water 
footprint impacts and improved farm performance. A critical view on these measures seems 
to suggest that the choice of these might be because they are measures related to crucial raw 
materials needed and the final product coming off the farm in the livestock production 
industry. This choice of measures and the benefits cited by some farmers suggest an approach 
geared towards an effective combination of resources leading to decoupling raw material 
consumption (nitrogen, water, costs) whilst increasing returns for products and increasing 
profit (increase in pasture growth, and revenue from sales of farm products such as through 
premiums (as noted in the case of the farmer [WK1]) or lower cost of production through 
better water management). These are measures that should be encouraged for uptake by 
farmers as there have been noted as beneficial not only for water footprint management but 
also for farm economic performance.  
 Irrespective of the resource combination cluster group that farm businesses find 
themselves in, farmers like to see a benefit of the practices they put in place regarding 
improving water footprint on their farm performance measures. Knowledge and utilisation of 
knowledge are key to ensure that strategic decisions around raw material usage, costs and 
measurable farm performance concerning water footprint management are tracked to be able 
to evaluate its impact on overall farm performance. Knowledge is key to aid farmers to 
understand that there are benefits linked to water footprint management and these benefits 
can be achieved if resources are combined effectively to decouple raw material use from 
financial viability of farms i.e. improving on the efficiency of raw material used on livestock 




studied as part of the research, financial aspects of farm performance were a priority for most 
of them. Thus, issues such as costs, revenue, profits are crucial aspects of measures that the 
farmers consider important for their businesses to survive whilst also contributing positively 
to the environment. 
Farm industry tools available such as OVERSEER have a head start helping analyse 
the impact of livestock farming on water resources in New Zealand from farmer perspectives 
and also guiding farmers to improve their efficiency with farm inputs and outputs. A 
considerable amount of work has been done by various research institutes, regional councils 
and industry bodies with regards to improving the health of water resources and the impacts 
of livestock production. However, a continuous improvement which is synonymous with 
pollution prevention means a lot of work must still be done to ensure that tools and 
approaches are developed, and the information provided to farmers in a readily usable format. 
Such work might include water footprint related performance measures such as water and 
nitrogen use efficiency, pasture growth improvements and farm produce improvements to 
improve the accuracy with which farmers can know their water footprints and then be advised 
as to how to improve them through improved farm and water management. Such tools will 
not only inform farmers (as was found out during the interviews) but also help motivate them 
to drive the industry forward in terms of its commitment to improving its impact on water 
resources. 
The next section presents the conclusions of the study based on the background of the 
study, the research questions asked, the literature review, the findings of the research and the 












The primary focus of this study was to analyse and understand how farmers 
recognised by the industry for their water footprint management practices combine resources 
to improve their management of water resources; at the same time, the performance of their 
farms, from their perspective, in the face of constraints such as tightening regulations. The 
findings point to ways that farmers might combine resources in implementing pollution 
prevention capabilities. The findings also improve our understanding of the key resources 
used, and the roles these might play in improving the impact of the livestock agribusiness 
sector on New Zealand’s water resources.  
Many drivers impact farmers in the development of their water footprint management 
capabilities. These include regulatory compliance and costs. The findings from this work 
improve our understanding of how farmers respond to the environmentally related constraints 
faced while running their businesses and trying to improve on their impact on natural 
resources. In this thesis, the capabilities deployed at the farm level, as well as the associated 
resource combinations, were discussed.  
This final chapter of the thesis summarises the key findings and contributions of the 
research. The next section, Section 10.2. summarises conclusions about the Research 
questions and reflects on these in the context of the findings of the study. Section 10.33 
discusses the research sector, country and policy implications of the research findings. 
Finally, Section 10.4 discusses and suggests avenues for future research and presents the 
limitations of the research.  
10.2 Conclusions about the research problem and objectives 
In chapter one, the study is introduced and various issues of interest on water and 
impacts by the livestock farming operations are raised. Chapter two discusses water footprint 
management and presents various approaches to manage water footprint including a pollution 
prevention strategy. The literature review also notes the question that is often raised, does it 
pay to be green? and discusses various viewpoints on this question and proceeds to justify 
why it is important to understand the impact on farm water footprint management on farm 
performance from the farmer perspective. To understand why farmers are changing the way 
they operate to meet their water footprint objectives and goals, the study uses the context of 




the contextual view from NRBV re-emphasised by Hart and Dowell that the natural 
environment (a component of the context) could create a significant constraint on business’s 
operations so farmers may have to adapt to manage their water footprint.  Section 1.2 
presented literature that supports the view that focusing on how resources are developed and 
combined by businesses is one way of understanding how businesses respond to the changing 
regulatory environment. This body of literature therefore presents itself as a means of 
evaluating and understanding agribusinesses that are being recognised as leaders in their 
water footprint management efforts, despite tightening regulations. What is water footprint 
management at the farm level in New Zealand, how water footprint management processes 
and routines led to the improvement of water footprints what key resources are used to 
develop strategic water footprint management capabilities and potentially improve farm 
performance? These are some of the queries the study sought out to find answers to. Farm 
performance is another major query that is not only considered in the study from an 
environmental perspective but also a social and economic point of view.  Majorly, the 
research sought to understand two things: what key resources were being utilised by farmers 
who are noted as leaders in the livestock farming industry with regards to their water 
management, and whether the resource combinations that these farmers employed potentially 
improved the performance of their agribusinesses from the farmers perspective.  
The findings reveal that agribusinesses in the study used a variety of key resource and 
this included intellectual, physical, human, social and financial resources. Even if they did 
use the same resources, the processes and routines involved in combining and deploying 
these resources are different from one farm to the next. This is in line with what the RBV 
literature postulates that capabilities are firm-specific. This suggests that it is perhaps 
important to not only identify the resources that are combined, but also the intangible ways or 
tacit skills that direct the processes, rules and routines through which resources are utilised to 
create effective on-farm water footprint management capability.  For the agribusiness sector 
to properly understand the importance of resource combinations for improving the impact of 
the industry on local water resources, an understanding must be gained of how to potentially 
convert tacit skills into tangible resources that could benefit the entire industry. The farmers 
pointed out that for them to achieve their water footprint management goals, access to 
education and training as well as financial resources (identified by the farmers as a major 
constraint) will play a major role in improving how resources are combined, and which 




On farmer’s perspective of the implication of water footprint management practices 
on farm performance, the findings revealed that farmers believe there is some performance 
benefit (financial, and/or non-financial) to be gained from implementing water footprint 
management. Regardless of whether that benefit translates to economic, social or 
environmental gains, the study shows that certain measures can be developed to help gauge 
the performance implications of the practices that are put in place. The findings suggest that 
the farmers who reported performance improvements that are linked to their water footprint 
management practices were generally also considered the most proactive and technologically 
inclined of the interviewees. These group could also be considered the most innovative and 
forward-looking.  This finding suggests that to ensure that farmers gain from implementing 
water footprint management practices, the livestock industry should encourage innovation 
and an inclination towards utilisation of new approaches including technological approaches 
such as precision agriculture; embracing innovation will lead to farmers developing resource 
alternatives that can be potentially less costly, but lead to more financial and non-financial 
benefits.  
Indeed, it is imperative to understand how farmers develop water footprint 
management capabilities. The study concludes that even though physical, human and 
financial resources are very important in developing strategic capabilities around water 
management, social and intellectual resources are by far seen as the key resources to be 
focused on, as these have the most potential to drive water footprint management. 
Studying these farmers enabled a better understanding of water footprint management 
among livestock farmers who had been noted through awards as industry leaders. However, 
there is still considerable work to be done with the livestock farmers taking into account the 
major differences between farmers in terms of knowledge about water management and the 
rules and regulations guiding the use and dependence on this resource. This may mean 
investigating how farmers could be encouraged to combine the resources at their disposal, to 
bring them up to par with these farmers studied who comply and do better with water 






10.2.1 Research question 1: How is water footprint management understood at the 
farm level in New Zealand? 
In response to this question about how is water footprint management understood at 
the farm level in New Zealand, the farmers highlighted two issues that inform their water 
footprint management: (1) acknowledging the impact from the farm and putting in place 
practices for improvement and (2) determining which aspect of water resource (quality or 
quantity) is important to focus on at the farm level in New Zealand.  
Water footprint management as understood at the farm level means knowing the water 
footprint of activity and putting in place various practices as described in the findings to 
measure and reduce the footprint. Knowledge about the water footprint of various farm 
activities directs the development or adoption of pollution prevention capabilities which in 
the wider context of sustainable development means a focus on improving the regeneration 
rates of water quality and quantity in comparison to the rate of degradation and depletion. 
The importance of knowledge as a tacit resource to sustainable development through these 
findings cannot be understated as this type of resource coupled with tools developed for 
natural resource management are crucial to improving on the baseline with water footprint.  
Knowledge about water footprint for farmers mean a measure being used to estimate 
the baseline. In measuring the water footprint, the farmers studied rely on contextual tools 
like OVERSEER to help them quantify their impacts on water resources. The utilisation of 
contextual water footprint management tools like OVERSEER is an example of an 
organisational pollution prevention capability that has been developed through a combination 
of resources including intellectual resources. There are other tools and practices used in 
understanding what the water footprint of a livestock operation is, and these can utilise all the 
resources including physical, human, intellectual, social and financial in unique 
configurations to build the capabilities. Indeed, many of the farmers are aware of 
international protocols of investigating water footprint, but the local regulatory regime in 
which they operate has a greater effect on their choice of tools and approaches for measuring 
the impact on their water resources. This leads to the development of various capabilities 
through unique processes and routines to improve on the state of water resource use. This 
conclusion contributes to the discourse on sustainable development in that tacit resources 




Context plays a significant role in the management of water footprint. The regulatory 
context in which the farmers operated pushed farmers to emphasise more on water quality 
footprint management.  The decision making and practices employed skewed towards water 
quality management in most cases because of the objectives of the individual farmers to 
improve on this as a result of that aspect of water being the most focused on by stakeholders 
and regulatory authorities and instruments. Farmers make pragmatic decisions on which 
aspect of water to focus on by also considering the internal and external institutional and 
economic factors (compliance, market access, price, costs etc) although the conclusion is 
therefore drawn that the tightening environmental regulatory regime in place has forced 
farmers to focus more on improving the quality of their water resources, rather than reducing 
how much water they were using in their livestock operations. Goals are contextually 
important for the farmers in terms of achieving their objectives and running their businesses 
and this directs their focus on what water footprint means for their operations. Goals drive 
decision making on farm operation, including reducing impacts on water resources. 
knowledge and other human tacit resources such as experience and skills are important assets 
driven by goals, helping farmers meet their water footprint goals and objectives of measuring 
and reducing the impact linked to the perceived or measured water footprint. Farmers 
considered the most technologically inclined are driven by gain and normative goals. The 
literature points out various forms of farmer goals that drive behaviour concerning 
environmental practices (Fairweather & Keating, 1994; Gasson, 1973; Lindenberg & Steg, 
2007), and this research enhances the literature by providing contextual empirical evidence to 
support this. However, the research was unable to conclude that all award-winning farmers 
derive both forms of benefit through pollution prevention practices. Some of the farmers in 
the group in the study point out that that it is indeed possible to utilise pollution prevention 
approaches to achieve environmental, economic as well as social goals.  
By answering this research question, the influence of regulations or institutionalised 
pressures including compliance pressures whilst taking into account context enables clarity 
on understanding what water footprint management at the farm level means. This conclusion 
will guide how farmers develop relevant water footprint management capabilities with a 
focus on being able to know what their impacts are and develop capabilities to tackle their 





10.2.2 Research question 2: What are the key resources used in water footprint 
management at the farm level in New Zealand? 
It is confirmed that businesses manage their natural resources primarily by leveraging 
them with other resources to achieve their business aims and objectives. Keeping in mind that 
the farmers in this study were selected based on their status as award-winning exemplars of 
sustainable on-farm water management, an important question to be addressed is: what are 
the lessons to be learned for other livestock agribusinesses? How can other agribusinesses, 
faced with legislative pressures and other environmental constraints, leverage the resources 
already at their disposal (or acquire new ones) to develop water footprint management 
capabilities aimed at achieving pollution prevention objectives?  
The enduring response appears to be that if we want farmers to become effective 
stewards of the water resources on which they rely, they must be assisted to acquire the 
necessary resources, and understand how to use and leverage these resources towards more 
sustainable management of water resources. There are no two farms which use developed 
pollution prevention capabilities relying on the same processes and routines. Resources such 
as physical and human are central to farm businesses achieving their performance objectives 
and goals. They are key to establishing a competitive position, however, combination with 
other resources such as financial, social and intellectual resources are required to maintain the 
competitive position. 
There ought to be an appreciation among farmers that the intangible resources such as 
knowledge and experience at their disposal are at least as important as tangible resources 
such as infrastructural resources for achieving sustainable water resource management 
objectives. These farmers studied show that, through their knowledge and experiences, they 
adapt their resource bundles in response to being confronted with unfavourable external and 
internal factors. Specifically, improving the level of scientific and technical knowledge and 
training among farmers and leveraging their experiential knowledge with tangible physical 
and human resources improved the impact of the industry on water resources. Tacit resources 
in water footprint management such as knowledge and experience contribute to the bigger 
picture of sustainability and sustainable development. As referential pragmatism posits, 
knowledge is developed out of the actions of individuals and organisations. Knowledge 
developed from these farmers is crucial for the next step in the sustainable development 




of exemplary practices improving the use of natural resources is bad not just for the natural 
resource but also for the wider sustainable development discourse. Resources such as tacit 
resources can be key to unlocking the potential of the sustainable development paradigm and 
ultimately contribute not just to academia’s influence on improving human impacts on natural 
resource limits but also contribute to industries efforts on balancing the economics of 
business operations and bringing about the positive influence on environmental sustainability. 
For the majority of farmers in the industry, indeed, this is easier said than done, especially 
when the reality is that financial resources are not unlimited and the acquisition of intellectual 
and social resources can depend on the contextual drivers and influences such as goals, and 
experiences of each farmer. Nonetheless, a few key lessons have been learnt that might 
contribute to efforts to enable and encourage other livestock agribusinesses to undertake more 
sustainable management of on-farm water resources.  
Firstly, while the extant literature suggests that human resources are key, our findings 
reveal that, at least for the farmers in this study, human resources are not applied in isolation 
– they are operationalized in combination with other resources. Also, the dynamic nature of 
the farming organisational environment will lead to the accumulation of new resources and 
capabilities if the organisation wants to respond to these changes and also meet shifting 
business objectives and goals. Secondly, our findings suggest that the success of an 
agribusiness in achieving sustainable water management is enhanced by their ability to access 
and develop financial and intellectual resources that interact synergistically with the physical 
and human resources used. Indeed, financial and intellectual resources seem to enhance the 
effectiveness of on-farm human and physical resources. Thirdly, the study revealed that the 
more proactive farmers are leveraging combinations of three or more resources at a time. Our 
analysis of these more complex resource combinations suggests that these resource 
interactions may best be described as ‘synergies’, rather than simply ‘combinations’, as the 
combined effect of these synergies on the farmers’ understanding and development of 
resource management capabilities appears to be greater than if applied on their own or in 
smaller combinations. Livestock farming businesses can be repositories of resources or 
practices if managed well can lead to competitive advantage.  
With these lessons in mind, we contribute to the discussion of how businesses respond 
to the changing features and regulations of the natural environment in which they operate 




managers adapt their resource combinations in response to environmental changes (Black & 
Boal, 1994; Collis & Montgomery, 2008; Menguc & Ozanne, 2005).  
10.2.3 Research question 3: From a farmer’s perspective, how has developed water 
footprint management capabilities affected farm performance? 
Farmers are keen to improve their understanding of the impact that their water 
footprint management practices had on their farm’s performance. Farmers view improved 
performance as an increase in the value of their farming operation. Farmers are intent on 
improving their water footprint management and generating value from their water footprint 
management capabilities. They know that the resources they use and the practices they put in 
place can impact their farm performance. These practices can lead them to be success or 
failure depending on the performance measures they are using. As it stands, some farm 
businesses combine resources effectively and their water footprint management capabilities 
are considered innovative and conform to what the industry expects. However, other farm 
businesses will not do well with developing their water footprint management capabilities. 
Farm business performance is an important outcome that shows the effectiveness of 
management decisions on resource use and capability development. Farmers use both 
financial and non-financial measures to gauge their farm’s performance. Financial 
performance is a priority for many farmers in this study. This is the general case for most 
livestock farmers in New Zealand. However, non-financial performance measures also 
featured as important for the farmers. Based on farmers’ perspectives, there were two main 
areas that the farmers in this study focus on: resource use and profit functions. Resource use 
is reflective of non-financial performance measures and indicates the progression or 
regression with regards to key natural resource use, and the profit function was reflective of 
the financial performance measures. The fact that farmers consider non-financial 
performance measure indicates the development of a holistic view of farm performance. 
Farmers can and are shifting their business mentality from a focus on just economic bottom-
line to a more holistic view considering the challenging rapidly changing business paradigm. 
In terms of resource use as a performance measure, the farmers focus on the 
minimisation of water and nitrogen use to enhance farm productivity. Two important 
performance measures are identified under the profit function. These are costs and efficient 
utilisation of pasture, which have significant impacts on farm profitability and profitability 




For farmers utilising different resource clusters such as the ones identified, the 
conclusion is that farm performance can be improved by implementing effective water 
footprint management. However, farmers believe that a great deal of work is also required to 
holistically understand the impact of their practices on their overall farm performance. This is 
important, as it supports the business viability arguments for reducing the impact of the 
livestock industry on New Zealand’s water resources. 
10.3 Conclusions about policy and practical implications of the research  
Farmers face certain challenges when presented with situations that constrain their use 
of resources and impact on how they utilise natural resources (Greiner & Gregg, 2011; 
Herzfeld & Jongeneel, 2012; Knox et al., 2012). Through the natural resource-based view 
(NRBV) lens, this study has provided valuable insight into how farmers develop water 
footprint management capabilities while implementing their pollution prevention practices in 
response to pressures such as tightening regulations around how agribusinesses should 
manage their water resources. This emphasises the importance of organisational management 
studies in contributing to the environmental management field. 
  First, it is important to recognise that farming operations are run by farmers who 
operate unique farm systems and are also impacted by different influences and drivers. Work 
done by other researchers indicates that as a result of the unique challenges that farmers face, 
different approaches such as regulatory, incentives, building trust and the use of appeals 
(Holley, 2014) may have to be resorted to. Thus, industry programs need to appeal to their 
goals and objectives and provide solutions that would encourage farmers to implement 
practices that improve their impact on water resources.  
The findings provide evidence to suggest that there are gaps in current knowledge 
management systems around water footprint management among farmers. The implication is 
that the various fields of study including sustainability studies, agricultural studies and 
organisational management studies on the natural environment assist with improving 
knowledge and capability development in the livestock industry with regards to water 
footprint management. There are instances where the knowledge exists and has been made 
available to farmers, but utilisation of the knowledge by the farmers has become a challenge. 
In response to this, knowledge utilisation will go a long way to improve the impact of the 




sustainable development, improvements in water management must be seen and grasped in 
terms of the action that lead to those improvements. Tacit resources such as knowledge, skills 
and experiences can be the vehicles presenting the action of farmers to the wider livestock 
farming industry. 
In terms of farm performance, improvement of capabilities is important if the farm is 
going to gain benefits from pollution prevention practices. Continuous improvement through 
effective developed capabilities benefits farm businesses as it is a response to the ever-
changing external farm business environment, which is affected by changes to the rules and 
regulations governing natural resource use. For industry-leading farmers, there is a greater 
focus on the financial aspects of farm performance. The conclusion has therefore been drawn 
that farm financial/economic survival is very important to maintaining and growing a vibrant 
livestock production industry. Thus, the focus should be on looking at the profitability of the 
industry first before the environment. Although value is derived from the green image 
associated with the agricultural industry in New Zealand, its importance will be enhanced if it 
contributes to ensuring the economic survival of the livestock industry.  
Resource constraints as well as influences and drivers that farmers deal with within 
the operating context within which they find themselves provides a background to illustrate 
why farmers act differently and implement different water footprint management practices. 
This drives capability development. The strategic direction that a farmer or farm takes in 
terms of its water footprint management may, therefore, be guided by the resources at its 
disposal, the influences and drivers as well as the farm environment (that is, topography, soil, 
climate for example) within which it operates.  A key issue here is that these should always 
be considered by regulatory bodies and the other major stakeholders that make the rules.  
In terms of implications for practice, the approach of water footprint management for 
understanding the resource use and combinations for environmental management among this 
industry noted leading farmers have provided cases and lessons that may be useful for the 
livestock industry, including consultants. The approach has highlighted the importance of 
acknowledging resource constraints as well as noting the importance of tacit resources like 
knowledge and experience and the roles they play role in directing and complementing 
tangible resources to improve water management on farms. From a strategic management 
perspective, it supports the notion that all farms are operated in unique contexts. Farmers’ use 




However, as mentioned in the discussion chapter (refer to Chapter Nine), an approach is 
needed beyond OVERSEER, to help farmers, understand the full extent of their impacts on 
water resources. Such an approach will have to consider data regarding components of the 
farm environment, such as the abstraction of water in various aspects of the farm operation 
and providing outputs not only related to water quality, but also water use efficiency. This 
will prove to be very useful for the livestock sector and the agribusiness industry.  
10.4 Future research and limitations 
There are several avenues for future research that have been uncovered by this study.  
For instance, future research may need to focus on elaborating on resource constraints that 
farmers face. Indeed, it is common knowledge that farmers face resource constraints (Knox et 
al., 2012; Price & Leviston, 2014). However, to understand how livestock farmers, use the 
resources at their disposal, it is important to fully understand the resource challenges they 
face, particularly in their efforts to improve the impact of the agribusiness industry on water 
resources. This will provide important context for understanding not only the resources that 
livestock farmers have at their disposal but also the extent to which these resource constraints 
guide the use of resources in building capabilities in managing water.  
Another potential issue that may benefit from additional research is the implication of 
tightening regulations on the overall performance of the livestock sector. The extant literature 
does highlight potential implications of regulatory changes on natural resource management 
(See Cullen, Hughey, & Kerr, 2005; Knox et al., 2012; Menguc & Ozanne, 2005 for 
example). However, empirical quantifiable evidence of the effects of tightening regulatory 
change on farmers’ management of resources could present a strong case for or against the 
capability development within the livestock production industry. 
Apart from the implications of tightening regulations on natural resource management 
at the farm level, the findings also suggest that farmers’ approaches to managing water are 
influenced by various drivers, including the goals of the farmers themselves. While research 
has explored the influence of goals on the management of natural resources (See Fairweather 
& Keating, 1994; Parminter & Perkins, 1997; Steg, Bolderdijk, Keizer, & Perlaviciute, 2014 
for examples), there is still the need for a much deeper understanding of how the management 
of resources through practices ensures effective natural resource management in relation to 




difference as to what is the major goal driver potential, future research focusing on 
determining the major goal driver will allow a better understanding of resource combination 
and use practices.  
This research pointed to the importance of tacit resources in improving water footprint 
management as well as the importance of social resource informing the development of tacit 
resources. Tacit resources are noted for guiding the effective combination of resources to 
implement pollution prevention practices in water management. What this research has not 
answered, however, is the extent to which tacit resources drive effective capability 
development in farmers and to what extent social resources impact the development. Such a 
gap suggests that future research should focus on helping consultants and the industry 
understand which tacit resources are key to improving environmental stewardship, and to 
what extent social resources influence tacit resource development in directing the capability 
development to improve the impact of farms on the environment, including water resources. 
Such a study would provide valuable insight for the industry on the type of assistance that 
could be provided to help farmers improve on their tacit resources.  
This study contributes to the NRBV literature from a pollution prevention perspective 
on water management. A potential future opportunity for research to consider will be the 
replication of this study to consider farmer practices which are considered product 
stewardship or sustainable development strategies of managing and improving water impacts, 
rather than pollution prevention. Other potential replication studies should also be considered 
in terms of focus on different agribusiness enterprises as well as different geographical 
regions as these may present different findings over the different contexts.  
This study was of course conducted under certain limitations. There were limitations 
associated with accessing farmers for the study, particularly around the availability of the 
farmers themselves. Conducting face to face interviews around the country requires financial 
resources. These constraints have therefore limited the number of industry-recognised water 
management leading farmers that were included in the research.  Also, the farmers’ 
availability played a similar role as it determined how much time could be spent on the 
farmers’ farms. This is considered an important limitation, as the research considers 
observations of the individual farmer’s practices on their farms.  
Limitations around sampling strategy were also noted. This is because the farmers and 




information concerning them on the internet. As mentioned in section (4.3.1), there are 
limitations associated with judgemental sampling as it makes the researcher prone to bias in 
selecting who should be approached for the study. Still, not all the farmers in the study were 
identified in this way, as the research also relied on referrals from farmers to other farming 
operations that they thought would add valuable insight to the research. Similarly, snowball 
sampling has its limitations as some critics consider it not to be representative of the 
population being studied. Though there are indeed limitations to using this kind of snowball 
sampling strategy, in the end, this approach contributed to increasing the variety of 
participants (geographically, and in terms of water footprint practices used) included in the 
study. Despite these limitations, however, the study has provided an important and much 
needed starting point for understanding how water management can be improved in the 
livestock agribusiness industry. Discussions around how farmers respond to constraints, and 
how these responses influence the way they combine resources to build capabilities, have 
contributed to improving our understanding of the issues that enhance pollution prevention 
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Department of Management  
University of Otago 
 
INTERVIEW QUESTIONS  
 
 
Water Footprinting – Theory to Reality: 
Water management and performance of New Zealand Livestock agribusinesses 
 
Building Rapport:  
Introduction:  How farmers can keep improving productivity/profitability in the face of 
changing environmental requirements/regulations and how this in particular relates to water 
resources in New Zealand.  
What does water footprinting mean for me [Interviewer]? Water footprinting means taking 
actions to reduce the impact of your agribusiness operations on water resources i.e. knowing 
your impacts and making efforts to reduce your impacts. 
What does water footprinting mean to you? 
 
Body:  
Section 1: Knowing the Agribusiness operations:   
1. History of farming operations? 
2. Why they are into it (personal objectives)? 
3. Size of operations? (numbers of livestock if possible, type of livestock) 
4. How many years they have been operating? 
5. Type of operation? 
6. Do you employ any staff? 






Section 2: How do agribusinesses bundle resources in the adoption of water footprinting 
practices? 
8. Describe the waterways on your property and how they impact your environmental 
management plans? 
9. What’s the infrastructure on your place that deals with water? 
10. Where does the water that flows through the infrastructure come from? 
11. How do you use water on your farm? 
12. How does your stock get water? 
13. Do animals have free access to water on the farm? 
14. How do animals potentially impact the water on the farm? 
15. Does this farm have drainage? 
16. How does the drainage system impact on the local waterways? 
17. Do you by any chance measure the quality of the water that comes onto the property 
and exits it (ALTERNATIVELY, do you by chance measure the quality of water on 
the farm?)? 
18. Do you have an environmental management plan?  
19. Can you tell me about it? 
20. (If you have an environmental management plan) How did you formulate and 
implement this? 
21. How do you think your impact on the waterways on the farm compares to other 
farmers in the district? 
22. Are there other things you are doing well or are there other things you might consider 
doing that will impact [positively (possibly ignore the positively)] on your water 
resources (ALTERNATIVELY, what is distinctive about what you do?) 
23. What do you use? 
24. Who do you use? 
25. How do you do it? 
26. Whenever you have to make decisions regarding water resources that could influence 
the environment, how do you do it? 
27. How do you communicate decisions regarding water to your staff 
[supervise/check/control]? 
28. How do you incorporate your approach to water into your farming system? 
29. Do you have a formal plan? 
30. Have you gained any experiences from managing your water in to meet requirements 
and regulations? 
31. Have you gained any skills from managing your water? [If so] 




33. Have you seen a change in requirements concerning water management in the last few 
years?  
34. How have you changed your management in the last few years in light of new 
requirements? 
35. Are there any new water management practices you are planning to implement soon 
in your operations? 
 
Section 3: How could the application of water footprinting practices affect 
performance? 
 
36. Which performance measures do you really consider important in your farming 
business? 
37. Is there any way that you can relate it to your water resources or water use? 
38. Are there any financial or non-financial benefits from your (new) water management 
practices? 
39. Are there any financial or non-financial costs that you incur from adoption of (new) 
management practices? 
40. Do you see opportunities to reap benefits from new investments in water? 
41. What does water cost you (per stock unit) on your farm (to provide to drink, to get rid 
of, to ensure quality) 
42. What investments in water management have led to the biggest effect on your 
productivity? 
43. Have you changed any part of your water management as a result of regulations? 
44. If you have to change your water management as a result of regulations, how do you 
think this might impact productivity? 
 
 
Section 4: What are the appropriate metrics relevant for developing a water footprint 
relevant to the agribusiness supply chain? 
45. Do you ever experience water constraints? 
46. Which holds more priority to you (improving the farm’s impact on water quality or 
improving your water use efficiency)? 
47. Why? 
48. Is improving your farm’s impact on water quality generally a priority? 
49. Is improving your farm’s water use efficiency generally a priority? 
50. What changes are you expecting to make to your operations over the next few years 
(regarding water)? 
51. Over time, how do you think your use of water will change on your farm? 




APPENDIX II – ETHICS APPROVAL AND CONSENT FORM 
[Reference Number: as allocated upon approval by the Human Ethics Committee] 
 [Date] 
 
Water Footprint- Theory to Reality: Water management and performance of New 
Zealand Livestock agribusinesses 
 
INFORMATION SHEET FOR   
PARTICIPANTS 
 
Thank you for showing an interest in this project.  Please read this information sheet carefully 
before deciding whether or not to participate.  If you decide to participate, we thank you.  If 
you decide not to take part, there will be no disadvantage to you, and we thank you for 
considering our request.   
 
What is the Aim of the Project? 
 
The aim of the project is to understand how agribusiness performance can be maintained or 
improved resource use when regulations concerning water resources are intensified.  This 
project is being undertaken as part of the requirements for a Doctor of Philosophy Degree. 
 
What Types of Participants are being sought? 
 
This project is seeking farm managers, farm owners and environmental managers of 
agribusiness operations. The respondents will possess knowledge of the day-to-day 
operations of the agribusiness and will be knowledgeable about any steps regarding the 
influence of the natural environment on the farm. Respondents will receive a copy of the final 
report sent to the funding agency.  
 
What will Participants be asked to do? 
 
Should you agree to take part in this project, you will be asked to participate in an interview 
that will last approximately 1-1.5 hrs. This interview will be either a phone interview or an 
in-person interview. Please be aware that you may decide not to take part in the project 
without any disadvantage to yourself of any kind. 
 
What Data or Information will be collected and what use will be made of it? 
Data will be collected about aspects of the agribusiness regarding the history of the farm, the 




environment (water resources). Also, data will be collected regarding the resource use on the 
farm and how these are coupled with water resources to meet environmental 
obligations/objectives. 44 
 
Interviews will be audio taped and the tapes analysed to extract information necessary for the 
project. No personal information will be collected. The data will be analysed for how best 
resources on farms are utilised to ensure that agribusinesses perform well in the face of 
mounting pressure concerning their impact on water resources. The only person who will have 
access to the data will be the researcher (PhD student).  
 
The data collected will be securely stored in such a way that only those mentioned below will 
be able to gain access to it. Data obtained as a result of the research will be retained for at least 
5 years in secure storage. Any personal information held on the participants may be destroyed 
at the completion of the research even though the data derived from the research will, in most 
cases, be kept for much longer or possibly indefinitely. 
 
The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve your anonymity. 
 
On the Consent Form you will be given options regarding your anonymity. Please be aware 
that should you wish we will make every attempt to preserve your anonymity.  
 
This project involves an open-questioning technique. The general line of questioning includes 
only farm related topics such as resource use, the environment and performance. The precise 
nature of the questions which will be asked have been determined in advance, and will also be 
influenced by the way the interview develops.  Consequently, the Department of Management 
is aware of the general areas to be explored in the interview. 
 
In the event that the line of questioning does develop in such a way that you feel hesitant or 
uncomfortable you are reminded of your right to decline to answer any particular question(s).  
 
Can Participants change their mind and withdraw from the project? 
 
You may withdraw from participation in the project at any time and without any disadvantage 
to yourself. 
 
What if Participants have any Questions? 
If you have any questions about our project, either now or in the future, please feel free to 
contact either: - 
Nana Awuah Bortsie-Aryee and Dr Sara Walton 
Department of Management   Department of Management 
+6434798126   +6434795108 






This study has been approved by the Department stated above. However, if you have any 
concerns about the ethical conduct of the research you may contact the University of Otago 
Human Ethics Committee through the Human Ethics Committee Administrator (ph 03 479-
8256). Any issues you raise will be treated in confidence and investigated and you will be 




Water Footprint- Theory to Reality: Water management and performance of New 
Zealand Livestock agribusinesses 
   
CONSENT FORM FOR PARTICIPANTS 
 
I have read the Information Sheet concerning this project and understand what it is about.  All 
my questions have been answered to my satisfaction.  I understand that I am free to request 
further information at any stage. 
I know that: - 
1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any disadvantage; 
 
3. Personal identifying information (eg audio files) will be destroyed at the conclusion of the 
project but any raw data on which the results of the project depend will be retained in 
secure storage for at least five years; 
 
4. This project involves an open-questioning technique. The general line of questioning 
includes aspects of resource use on the farm. The precise nature of the questions which 
will be asked have not been determined in advance, but will depend on the way in which 
the interview develops and that in the event that the line of questioning develops in such a 
way that I feel hesitant or uncomfortable I may decline to answer any particular question(s) 
and/or may withdraw from the project without any disadvantage of any kind. 
 
5. The results of the project may be published and will be available in the University of Otago 
Library (Dunedin, New Zealand) but every attempt will be made to preserve my 
anonymity.   
 
6.    I, as the respondent:  a) agree to my farm being named in the research 
 
                                          OR 
                   




I agree to take part in this project. 
 
 
.............................................................................   ............................... 
       (Signature of participant)     (Date) 
 
............................................................................. 






APPENDIX III – WATER RESOURCE CHALLENGES IDENTIFIED IN NEW ZEALAND 
Main Uses of Water Industry, Agriculture, Households 
(Domestic) 
Mainly Industry Mainly Dairy Mainly Other type 
of agriculture 
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APPENDIX IV- CLUSTER ANALYSIS INFORMATION 
Example: The data is first visualised using scatterplots. Each data point represents a farmer, 
and each graph is comparing the farmers across two ‘capability combinations.  
The x- and y-axis show which capability combinations are used for that graph (“P-H” is short 
for “Physical-Human”; “H-I-P” is short for “Human-Intellectual-Physical” etc.) 
 
 





These graphs do not reveal any obvious clusters, but due to the high number of dimensions (7), 
there may be ‘hidden’ clusters that cannot be seen in two-dimensional graphs. If they exist, 
they must be found using clustering algorithms. 
The dataset was run through five different statistical tests to find how many clusters are 
optimal. This is noted in Table 5 The optimal number of clusters found using five tests).  
 
1. Elbow method 
The Elbow method suggests there should 
be 3 clusters (sharpest turn on the graph). 
The turning point is reasonably distinct, 
which suggests the clusters are reasonably 
optimal. 
 
Explanation: A sum of squares graph 
shows how compact the clusters are for 
each number of clusters. Compact clusters 
are generally desired, but the clusters will 
always become more compact as the 
number of clusters increases. If there are 
too many clusters, they would be very 
compact, but also meaningless. Thus, the elbow of the curve is the optimal number of clusters. 
 
 
2. Calinski criterion 
The Calinski criterion suggests there 
should be 3 clusters (highest point on the 
graph). The peak is far higher than the rest 
of the graph, which suggests the clusters 
are highly optimal. 
 
Explanation: The Calinski criterion is a 
formula which generates a score for every 
number of clusters. Like the elbow test, 
the score mainly depends on how compact 
the clusters are, but the score is also 




penalised if there are too many clusters. Thus, instead of an elbow, the optimal number of 







3. Bayesian information criterion 
The Bayesian information criterion 
suggests there should be 2 clusters 
(highest point on the graph), although 3 
clusters are close. 
 
Explanation: The Bayesian information 
criterion is like the Calinski criterion in 
that it calculates a score for each number 
of clusters based on how compact the 
clusters are, then penalises the score for 
having too many clusters. The formula is, 






4. Gap statistic 
The Calinski criterion for each number of clusters 




The gap statistic suggests there should be 
3 clusters (highest point on the graph 
excluding 10, which is meaningless due to 
being so high).  
 
Explanation: The gap statistic is an 
extension of the elbow test. For every 
number of clusters, it calculates how 
compact the clusters are, then compares 
this to a uniform dataset generated via 
bootstrapping. The greater the difference 
between the real clusters and the uniform 










5. Silhouette plot 
The silhouette plot suggests there should 
be 3 clusters (highest point of the graph).  
 
Explanation: A silhouette plot calculates 
how well each data point fits in its cluster 
and compares this to how well the data 
point fits in the closest neighbouring 
cluster. If the result is good, data points 
will fit much better in their cluster than in 
neighbouring clusters, thus, will have a 
large score called the ‘silhouette width’. If 
the result is bad, points will not fit well in 





The silhouette width for each number of clusters 
